























Copyright and moral rights for this work are retained by the author 
 
A copy can be downloaded for personal non-commercial research or study, 
without prior permission or charge 
 
This work cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the author 
 
When referring to this work, full bibliographic details including the author, 



















0 0 8 6 1 7
ProQuest Number: 10647796
All rights reserved
INFORMATION TO ALL USERS 
The qua lity  of this reproduction  is d e p e n d e n t upon the qua lity  of the copy subm itted.
In the unlikely e ve n t that the au tho r did not send a co m p le te  m anuscrip t 
and there are missing pages, these will be no ted . Also, if m ateria l had to be rem oved,
a no te  will ind ica te  the de le tion .
uesL
ProQuest 10647796
Published by ProQuest LLO (2017). C opyrigh t of the Dissertation is held by the Author.
All rights reserved.
This work is protected aga inst unauthorized copying under Title 17, United States C o de
M icroform  Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 4 81 06 - 1346
\î I Clio m o  LOGICAL STCDICS OF FARM ANIMAL WASTFS 
TIRMR TRRATOFm' AND DISPOSAL ON I AND
\i.  11. c-'ANS
i ho V.'cs t 0  r Scot  1 a nd A;jr1 c.n 11 u r a  1 
Co’l 1 f',<TO 
Mi cT’o h ! o I o o v Dopnr tnu'U f 
Arc hi nc m i  v v  
A yr
S u h n i h t o d  f o r  t h e  d e c r e e  
oP P h .D .  i n  t h e  l ' n i v é r s i t y  
o f  (ilasfzow, ’' lav 1973 .
INTRODUCTION 3
T r e a t m e n t  and d i s p o s a l  o f  a n i m a l  w a s t e s  3
P a t h o g e n i c  b a c t e r i a  i n  an im a l  f a e c e s  0
S u r v i v a l  o f  p a t h o g e n s  i n  an im a l  e x c r e m e n t  1 0
Snrt ’- i v a l  o f  e n t e r i c  b a c t e r i a  d u r i n g  m i c r o b i a l  t r e a t , v i , 6snt '  12
o f  a n i m a l  e x c r e t a  
S u r v i v a l  o f  e n t e r i c  b a c t e r i a  on l a n d  and t h e  s p r e a d  o f  1 5
e n t e r i c  d i s e a s e s
SCOPE OF VUBK 18
SECTION I ,  THE SORVf/AL OF SalmoneM a d u b l i n  ÎN VU- EXCRBENT 2 O
INTRODUCTION 21
MATERIALS AM) METHODS 22
S o u rc e  o f  p i g  e x c r e m e n t  22
S t o r a g e  an d  s a m p l i n g  o f  p i g  e x c r e m e n t  i n  tine l a b o r a t o r y  23
The a e r o b i c  b i o l o g i c a l  t r e a t m e n t  g'.’s t e m  25
I n o c u l a t i o n  o f  s l u r r y  and t h e  a e r o b i c  t r e a l m e n t  s ' ' s i  eai, 28
w i t h  S a l m o n e l l a  d u b l i n  
E s t i m a t i o n  o f  t h e  IfPN o f  s a l m o n e l l a e  and Fsc l ie r i  ch i  n c o l l  i n  20
s l u r r y
E s t i m a t i o n  o f  t iie numbers  o f  t s c b e r i e h i o  co 1 i a nr* Sa Imi-r.el l  a 31
d u b l i n  i n  t h e  a e r o b i c  m ixed  l i q u o r
KVA Li’AT TON Of’ MBmnpS 3 3
Tiie ; = 0  i !(/> art! eriuricrfV i on o f  So1nr>no] la  (h iM in  3 3
K oni ra r i ^cn  o f  i.ho grow tit o T S.  ciuhMii in  d i f f e r e n t  3 3
IVill ' I ' iPÏLL mtuli  a 
S e l e c t i v i t y  o f  m a n n i t o l  s e l e n i t e  b r o t h  a n d
t e  t r  n t  h i o n a t  c b ro  t  h 3 4
CoK'.pnr:ison o f  s e l e c t i v e  m ed ia  f o r  t h e  i s o l a t i o n  o f  
S , dnbl  i n  from e n r ic l i r n e n t  b r o t h s  3 4
M eihods  f o r  i s o l a t i o n  and e n u m e r a t i o n  o f  b a c t e r i a  i n  p i g
e x c r e m e n t  and a e r o b i c  s l u d g e  3 5
TI to e f f e c t  o f  b l e n d i n g  p i g  e x c r e m e n t ,  and a e r o b i c  s l u d g e ,
on c o u n t s  o f  t o t a l  v i a b l e  b a c t e r i a  and E s c h e r i c h i a  c o l l  3 3
R e c o v e r y  o f  Sal  mon e l  l a  d u b l i n  from f r e s h  p i g  ex cre i i e  n t  3 7
KART A. THE SK.R.RIVAL OF S a l m o n e l l a  d u b l i n  IN PIG EXCREMENT
Dl.TBNG STORAGE
TNTROOS’CTTON 4 O
RESn.TS • 4 3
The s u r v i v a l  o f  S a l m o n e l l a  d u b l i n  i n  p i g  e x c r e t e  n t  4 4
The e f f e c t  o f  m i c r o b i a l  f e r m e n t a t i o n s  d u r i n g  s t o r a g e  . 4 5
o f  p i g  e x c r e m e n t  on S a l m o n e l 1 a d u b l i n s u r v i v a l
PART H. THE] SURVIVAL OF E s c h e r i c h i a  c o l i  AND S a l m o n e l l a  d u b l i n  
DURING AEROBIC BIOLOGICAL TREATMENT OF PIG EXCimimT
INTRODUCTION 47
RESULTS 48
The s u r v i v a l  o f  E s c h e r i c h i a  c o l i  d u r i u "  a e r o b i c
b i o l o g i c a l  t r e a t m e n t  o f  p i g  e x c r e m e n t  48
The s u r x r i v a l  o f  Salmonel  l a  d u b l i n  d u r i n g  a e r o b i c  4 9
b i o l o g i c a l  t r e a t m e n t  o f  p i g  e x c r e m e n t
DISCUSSION 51
The e f f e c t s  o f  a n a e r o b i c  f e r m e n t a t i o n  o f  p i g  e x c r e m e n t  on
t h e  su r v i^ ^ a l  o f  S a lm o n e l  1 a d u b l i n  51
The s u r v i v a l  o f  Salm one 11 a dub 1 i n  d u r i n g  a e r o b i c  b i o l o g i c a l
t r e a t m e n t  o f  p i g  e x c r c m r m t  53
SECTION I I .  THE DACTKRTAJ POLLUTTHN OF TAM) DlUBAOi; T ' T ' p  54
INTRODUCTION 55
MATERIALS AND MEVÏIOnS 56
The e x p e r i m e n t a l  p a s t u r e ,  ^ r i c h r o w  56
The o x p e r i m e n t a l  f a r m ,  C u lb a e  58
M o r s u r ornent ^of t h e  r a t e  o f  d i s c h a r g e  o f  d r a i n a g e  w a t e r  60
The s a m p l i n g  o f  d r a i n a g e  w a t e r  63
M e t e o r o l o g i c a l  r e c o r d s  67
P a c t  nr  1 0  l o g i c a l  ex a r  Î n a t i o n  of d r a i n a g e  wa t e i '  67
b a c t e r i o l o g i c a l  e x a m i n a t i o n  o f  s o i l  s a i i p l e s  6 8
Sac t o r  jo 1 ogi  cal e x a m i n a t i o n  o f  p i g  excreme n i. 69
Chem ica l  e x a m i r a t i o n  o f  d r a i n a g e  va- t o r ,  and p i ' ’- e x c r e m e n t  70
EVALUATION OF METHODS 71
E v a l u a t i o n  o f  m e d i a  f o r  c o u n t i n g  E s c h e r i c h i a  c o l i  7 j
C o m p a r i so n  o f  f o u r  s e l e c t i v e  i i icdia i n c u h a t o d  a t  37°C 7 1
C o m p a r i s o n  o f  B ac to  MFC b r o t h  w i t h  Bacto  m-endo  b r o t h  MF 7 3
E v a l u a t i o n  o f  m e d i a  f o r  c o u n t i n g  e n t e r o c o c c i  7 4
E x a m i n a t i o n  o f  t h e  r e p r o d u c i b i l i t y  o f  t h e  membrane m i r a t i o n  7 5
method
PART A. FACTORS AEIECTINC TITF CONCENTRATIONS OF I'AE'A t  
BACTERIA IN TAND DRAINAGE WATER.
INTRODUCTION 7 7
RESULTS 78
E f f e c t  o f  f low r a t e  o f  hhe d r a i n  d i s c h a r g e  on t h e  
c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  7 9
Tlie r e l a t i o n s h i p  b e tw e e n  t h e  l i n e  s i n c e  I hr a p p l i  c a l . io n  
o f  an im a l  e x c r e m e n t  to t t e  l a n d  à n d  U:e c o n c e n t r a  Li ons  
o f  f a e c a l  b a c t e r i a  i n  t h e  d r a i n  d i s c h a r g e  8 %
E f f e c t  o f  exc reme ni a p p l i c a t i o n  on l,he cone e n t r a  l.i n r s  o f  
f a e c a l  b a c t e r i a  i n  t h e  d r a i n  d i s c h a r g e  82
E x p e r i m e n t  1 83
E x p e r i m e n t  I I  pr>
Chemical  p o l l u t a n t s  in l i e  d r a i n  dfcc'hurge i:s
PART B, SOIL BACTERTA IN TAUD P’AThAGE A T 'R
INTTODUCTfON 8P
RESULTS 87
R e l a t i o n s h i p  o f  c o n c e n t r a t i o n  o f  b a c t e r i a  i n  t h e  d r a i n  
d i s c h a r g e  t o  f l a v  r a t e  o f  t h e  d i s c h a r g e  87
C o m p ar i s o n  o f  t o t a l  n u m b e r  of b a c t e r i a  d i s c h a r g e d  i n  
d r a i n a g e  w a t e r  w i t h  t o t a l  num ber  i n  t h e  s o i l  o f  fh e  
e x p e r i m e n t a l  p a s t u r e  8 8
PART C. THE qJLRAE EXPERIAgüNT
TNTRODUCTTON 90
RKSIBTS 0 1
R e l a t i o n s h i p  o f  c o n c e n t r a t i o n  o f  b a c t e r i a  in  d r a i n a g e  01
w a t e r  t o  d r a i n a g e  r a t e
E f f e c t  o f  s l u r r y  a p p l i c a t i o n  o n  t h e  b a c t e r i a l  p o l l u t i o n  
o f  d r a i n a g e  w a t e r  92
Chemical  p o l l u t a n t s  in tl»e d r a i n a g e  w a t e r  93
DISCUSSION 95
R e l a t i o n s h i p  o f  c o n c e n t r a t i o n  o f  b a c t e r i a  to  d r a i n a g e  r a t e  95
S o i l  h n c t e r i n  f l o r a  and l o s s e s  i n  d r a in n . e e  w a t e r  102
E f f e c t  o f  n u m b e r s  o f  f a e c a l  b a c t e r i a  i n  s o i l  on c o n c e n t r a i d o n s  103 
i n  d r a i n a g e  w a t e r  
E f f e c t  o f  e x c r e m e n t  a p p l i c a t i o n  on t h e  ccuc e n t r a i t  o n s  o f
f a e c a l  b a c t e r i a  in  d r a i n a g e  w a t e r  1 0 0
Cliemical. p o l l u t a n t s  i n  d r a i n a g e  w a t e r  107
CONCLUS]OKS 109
The su rv M val  o f  s a l m o n e l l a e  i n  p i g  exc remen I o n  fa rm s  1 1 0
The s u r v i ‘.-al o f  s al tt tonel  1 a e  dim irn'- a e r o b i c  b i o l  A p i c a l
t r e a t m e n t  o f  p i g  e x c r e m e n t  1 1 1
’■ 'a c lè r ip l  p o l l u t i o n  o f  wn t e r - c o u r s  os  To 11 owl ng loud
IrcMt'- 'OPi o f  animal  e x c r e t a  1 1 2
H eal th  lai'^ardp 114
APPEND T-X T
Hnt a  from s t u d i o s  o f  l a n d  d r a i n a g e  winter 117
RKFERIECES 118
A C liN O Y /L H D n m U B r S  1 3 0
APPENDIX IT
R e p r i n t : -  An a p p a r a t u s  f o r  d o s i n g  l a l w r a t o r y  f e r m e r t o r s
vn th s u s n o n s i o n s  131
TIjo |io s ' i b i ] H M v t  c M n i n  a g r i  cnl  t n r n i  p r a o h i c e ,  away 
froTî! t h e  pr odno 11 on o f  f a r t i i - y a r d  rinnnr<; in a hy<i ran.l. i c s y s t e m  oJ' 
h a n d l i n g  a n i m a l  e x c r e t a ,  may Dromol<' ( h e  d i s s é m i n a t i o n  o f  v i  abl  e 
i n t e s t i n a l  p a t h o g e n i c  b a c t e r i a  ,ih the  e n v i r o n m e n t  and l e a d  t o  an 
i n c r e a s e d  I n c i d e n c e  of  a n i m a l  and laiman i n f e c t i o n s ,  a r e  d i s  c u s s e d ,  
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p a s s a g e  o f  e n t e r i c  b a c t e r i a  t l n n n g b  s o i l  i n t o  d r a i n a g e  w a t e r ,  
a r c  d e s c r i b e d .
I n  a s e r i e s  o f  e x p e r i m e n t s  i t  was shown t h a t  some c e l l s  o f  
S a l m o n e l 1 a d u b l i n  c a n  s u r v i v e  i n  p i g  e x c r e m e n t  s t o r e d  a s  a s e m i - l i q u i d  
s l u r r > ' ,  f o r  a t  l e a s t  12 m o n t h s . The r a t e  o f  d e c l i n e  o f  v i a b l e  c e l l s  
was n o t  a f f e c t e d  by t h e  s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  of  t h e  s l u r r y  
w i t h i n  t h e  r a n g e  e x p e c t e d  in  a s t o i ’age  r e s e r v o i r  on  a  f a r m .
However  t lie r a t e  o f  d e c l i n e  o f  v i a b l e  c e l l s  was a f f e c t e d  by t h e  
a n a e r o b i c  m e t a b o l i c  a c t i v i t y  o f  m i c r o - o r g a n i s m s  i n  t h e  e n v i r o n m e n t  
d u r i n g  s t o r a g e .
The r a t e  o f  d e c l i n e  o f  v i a b l e  S ,  d u b l i n  i n  t h e  f l o c c u l e n t  s l u d g e  
d u r i n g  a e r o b i c  t r e a i m e n t  o f  p ip  e x c r e m e n t  was s i m i l a r  t o  t h a t  of  
E s c h e r i c h i a c o l i . However i t  was c o n s i d e r a b l y  h i g h e r  t h a n  i t s  r a t e  
o f  d e c l i n e  d u r i n v  s t o r a g e  when a n a e r o b i c  c o n d i t i o n s  d e v e l o p e d .
Few c e l l s  o f  S .  du b l i n  r e m a i n e d  v i a b l e  i n  t h e  l i q u i d  p h a s e  o f  t h e  
mixed  l i q u o r  o f  t h e  t r e a t m e n t  u n i t ,  b u t  more s u r v i v e d  i n  t h e  
r e s i d u a l  s l u d g e  w h i c h ,  i t  i s  a r g u e d ,  i s  t h e  main  p r o d u c t  o f  a e r o b i c  
t r e a t m e n t  o f  a n i m a l  e x c r e t a .
High  nunibers  o f  e n t e r i c  b a c t e r i a  a r e  shown to a p p e a r  i n  
sub“ S i i r f o c e  d r a i n a g e  w a t e r  f o r  s h o r t  p e r i o d s  f o l l o w i n g  t h e  
a p p l i c a t i o n  t o  l a n d  o f  l a r g e  v o l u m e s  o f  s e m i - l i q n i d  a n im a l  
e x c r e m e n t .  At  o t h e r  t i m e s  t h e  m a in  f a c t o r s  w h i c h  a f f e c t  t h e  
numbers  o f  b a c t e r i a  i n  s u b - s u r f a c e  d r a i n a g e  w a t e r  a r e  ( i )  t h e  
r a t e  o f  p a s s a g e  o f  w a t e r  th tn  ugh s o i l ,  w h i c h  i s  l a r g e l y  d e t e r m i n e d  
by t h e  d r a i n a g e  c h a r a c t e r i s t i c s  o f  t h e  s o i l ;  ( l i )  t h e  amount  o f  
p r e c i p i t a t i o n  and é v a p o t r a n s p i r a t i o n ;  and ( i i i )  t h e  num ber s  of  
b a c t e r i a  i n  o r  on t h e  s o i l  and v e g e t a t i o n .  The n u m b er s  o f  e n t e r i c  
b a c t e r i a  i n  o r  on t h e  s o i l  and v e g e t a t i o n  a r e  a l s o  a f f e c t e d  by  t h e  
t i m e  s i n c e  t h e  l a s t  a p p l i c a t i o n  o f  e x c r e m e n t  t o  t h e  l a n d .
The a p p l i c a t i o n  o f  t h e s e  f i n d i n g s  t o  b e t t e r  c o n t r o l  o f  l a n d  
t r e a t m e n t  o f  an im a l  e x c r e t a  a n d / o r  t h e  s i t i n g  o f  new i n t e n s i v e  
an im a l  p r o d u c t i o n  u n i t s  i s  d i s c u s s e d .
TvrRODUfrnoN 
Treat m oi i t  and d i - ' o o s n l  o f  a n i mal w a s t e s
Î i. i B a Imns ( a (.rad i f  ion  f o r  a u t h o r s  t o  comirone o a r e v i e w  o f  
file n r o b le in s  o f  v o t e r  p e l  in i  ion  w i t h  a s h o r t  hi s (.0 r \ '  o f  s e w e r a g e  
and s e w a g e  f r e a t m e n  t  s y s t e r n s .  S u ch  h i s t o r i e s  u s u a l I v  f i n i s h  w i t h  
ih«* r iroad s t n i c 'm e n t  t h a t  sorne o f  t i ie  m a j o r  in ii irovomonts  in p u b l i c  
h o n i t i i  a r e  a l m o s t  e i U i r e l y  duo t o  t h e  d e v e lo p m e n t  o f  sewage 
t r e a t m e n t  m e th o d s  and t o  t h e  p u r i f i c a t i o n  o f  w a t e r  s u p p l i e s .
I ' n l ' o r t u n a t e l V  s e w e r a g e  and sewage t r e a t m e n t  do have  some d i s a d v a n t a g e s ,  
Marx ( I 8 8 7 ) s t a t e d  t h a t  c o l l e c t i n g  t h e  p o p u l a t i o n  i n  g r e a t  c e n t r e s  
and c a u s i n g  an  e v e r  i n c r e a s i n g  p r e p o n d e r a n c e  o f  town p o p u l a t i o n s  
d i s l u r b s  t h e  c i r c u l a t i o n  o f  m a t t e r  b e t w e e n  man and t h e  s o i l .  The 
same view was e x p r e s s e d  r e c e n t l y  by D av is  ( l 9 7 l )  and s i m i l a r l y  i n  
A B l u e p r i n t  f o r  S u r v i v a l  ( E c o l o g i s t ,  1 9 7 2 ) ,  a r g u m e n t s  a r e  p u t  
fo rv /a rd  f o r  a r e t u r n  t o  m e th o d s  o f  r e c y c l i n g  w a s t e  m a t e r i a l s .
A s i t u a t i o n  w h i c h  p a r a l l e l s  t h e  g r o w t h  o f  u r b a n  human 
p o p u l a t i o n s  lia s b e e n  d e v e l o p i n g  i n  a g r i c u l t u r e  i n  r e c e n t  y e a r s .
Tlie p r e s s u r e s  t o  i n c r e a s e  p r o d u c t i v i t y  u s i n g  l e s s  inan-power  an d  a  
s m a l l e r  a r e a  o f  l a n d  have m ean t  t h a t  more f o r m e r s  h a v e  s p e c i a l i s e d  
i n  e i t h e r  c r o p  o r  a n i m a l  p r o d u c t i o n .  I n  l a r g e  s c a l e  u n i t s  f o r  
a n im a l  p r o d u c t i o n  i t  i s  now common to  a c c u m u l a t e  a n i m a l  e x c r e t a  i n  
t h e  form o f  a s e m i - l i q u i d  s l u r r y .  T h i s  s l u r r y  i s  u s u a l l y  c o n s i d e r e d  
t o  be a w a s t e  m a t e r i a l  and i s  d i s p o s e d  o f  a s  c h e a p l y  a s  p o s s i b l e .
At  t he same t i m e  t h e  a r a b l e  f a r m e r  i s  u s i n g  more  and more a r t i f i c i a l  
f e r t i l i s e r  to  r e p l a c e  t h e  m i n e r a l s  removed f r o m  th e  s o i l  when c r o p s  
a r e  h a r v e s t e d  f o r  a n i m a l  and human f o o d .
4-
The c o m p o s i t i o n  of  n v r i c u l t u r a l  s l u r r y  v o r i ^ s  c o n s i d e r a b l y .
I t  mcA' he composed o f  o n l y  f a e c e s  nnd u r i n e  w hich  hnve  b e e n  e x c r e t e d  
]iy one  o r  more i.yp<'s o f  d o m e s t i c  nui  mol s . The f o e c e s  From one h ' p e  
o f  on i moi a l s o  v o r y ,  due  to d i f l ' o r i n n  d i e t s ,  a g e s  nnd p h y s  io 1 o g i c a l  
s t o t ' -  of  I li r  a n i m a l s .  A p a r t  f rom f a e c e s  and u r i n e ,  s l u r r y  u s u a l l y  
c o n t a i n s  w a t e r  f rom v a r i o u s  s o u r c e s ,  s u c h  os  w a s h i n g  w a t e r ,  r a i n  
wa I or  f rom th ?  rooS's o f  b u i l d i n g s ,  and d r i n k i n g  w a t e r  f rom l e a k a g e  . 
and s n i l l a g e  from w a t e r  t r o u g h s .  Some't i me s o t h e r  e f f l u e n t s  s u c h  as  
s i l a g e  l i r p i o r ,  o r  d i s i n f e c t a n t  s o l u t i o n s  g a i n  a c c e s s  t o  s l u r r y  t a n k s .
The i n s t a l l a t i o n  o f  a I n x l r a n l i c  sv s t e ra  makes  t h e  r em ova l  o f  t h e  
e x c r e t a  f rom a n im a l  p e n s  e a s i e r  and q u i c k e r .  T h i s  i n  t u r n  i my) r o v e s  
t h e  c l e a n l i n e s s  o f  t h e  h o u s e  when com pared wi t h  t h e  o l d e r  s •-stems o f  
u s i n g  s t r a w  b e d d i n g .
U n l i k e  f a r m y a r d  m a n u r e ,  an im a l  e x c r e t a  i n  t h e  form o f  a s e m i ­
l i q u i d  s l u r r y  i s  f r e q u e n t !  v t h o u g h t  o f  a s  a w a s t e  m a t e r i a l  t o  be 
d i s p o s e d  o f  a s  c h e a p l y  a s  p o s s i b l e .  Method s  o f  d i s p o s a l  h o w e v e r ,  
p r o d u c e  s e v e r a l  p r o b l e m s  and num erous  l i s t s  o f  t h e s e  p r o b l e m s  have  
b ee n  p u b l i s h e d .  For  e x a m p l e ,  T a i g a n i d e s  ( l 9 6 6 ) ,  and J o n e s  and R i l e y  
( l 9 7 0 ) ,  i n c l u d e  p r o b l e m s  o f  e n g i n e e r i n g ,  e c o n o m i c s ,  p o l i t i c s ,  l a w ,  
s o c i a l  n u i s a n c e ,  and p u b l i c  and a n i m a l  h e a l t h .  B e c a u s e  o f  
p r o s e c u t i o n s  u n d e r  t h e  P u b l i c  H e a l t h  A c t  1936,  a g a i n s t  f a r m e r s  f o r  
c a u s i n g  an  u n r e a s o n a b l e  s m e l l ,  and t h e  R i v e r s  ( P r e v e n t i o n  of  P o l l u t i o n )  
A c t s  1951 and 1961,  t h e r e  i s  an  u r g e n t  l e g a l  n e e d  to ove rcome some o f  
t h e  p r o b l e m s .
T h i s  h a s  l e a d  t o  t h e  i n s t a l l a t i o n ,  on  a few f a r m s ,  o f  s y s t e m s  
i n c o r p o r a t i n g  b i o l o g i c a l  t r e a t m e n t  i n  an e f f o r t  t o  p r o d u c e  a n  
i n n o c u o u s  p r o d u c t  f o r  d i s p o s a l .  I n  m os t  c a s e s  s u c h  s y s t e m s  have 
b e e n  m o d i f i c a t i o n s  o f  t h e  c h e a p e r  m e th o d s  u s e d  f o r  t h e  t r e a t m e n t  
o f  d o m e s t i c  sew age .
I n i t i a l l y  i t  may be n e c e s s a r y  t o  r e t u r n  o i l ,  o r  m o s t ,  o f  t h e  
e x c r e t a ,  e i t i i c r  d i r e c t l y  o r  a f t e r  p r i m a r y  t r e a t m e n t ,  t o  t h e  l a n d .
L a t e r  h ow ever ,  m e t h o d s  of: t r e a t m e n t ,  w h ich  c o n v e r t  t h e  m t i t e r i a l  i n t o  
v a l u a b l e  b y - p r o d u c t s ,  s u c h  a s  f e r t i l i s e r s ,  m i c r o b i a l  p r o t e i n  f o r  
a n i m a l  f e e d ,  o r  f u e l ,  mus t  be d e v e l o p e d  and i n t r o d u c e d .
V/liatevoî* me (hod i s  a d o p t e d  t h e  p r o b l e m  o f  an im a l  an d  human h e a l t h  
m us(. a l w a y s  he  t a k e n  i n t o  c o n s i d e r a t i o n  when h a n d l i n g  an im a l  e x c r e t a .  
E n t e r i c  b a c t e r i a ,  many o f  w h ic h  a r e  p o t e n t i a l  1 v p a t h o g e n i c ,  c a n  o n l y  
c o l o n i s e  a new b o a t  i f  ( h e y  s ik rv iv e  i n  t h e  e x c r e n e n t  and a r e  t h e n  
d i s t r i b u t e d  i n t o  a  s u i t a b l e  e n v i r o n m e n t  w h e re  t h e y  h a v e  an  
o p p o r t u n i t y  o f  a c q u i r i n g  a  new h o s t .
I f  t l i e  e x c r e t a  a r e  r e t u r n e d  d i r e c t l y  t o  t h e  l a n d ,  s e v e r a l  new 
f a c t o r s  a r e  i n t r o d u c e d  w i t h  t h e  c h a n g e  f rom a  f a r m y a r d  manure  s y s t e m  
t o  a s e m i - l i q u i d  s l u r r y  s y s t e m ,  a s  a  moans  of  h a n d l i n g  t h e  e x c r e m e n t .  
The m i c r o b i a l  e n v i r o n m e n t  d u r i n g  c o m p o s t i n g  o f  a n i m a l  e x c r e m e n t  t o  
f a n » y a r d  manure  d i f f e r s  c o n s i d e r a b l y  f r o m  t h e  e n v i r o n m e n t  i n  a s l u r r y  
t a r J i ,  Farmya rd  m a n u r e ,  w h i c h  i s  a  f a i r l y  d r y  m a t e r i a l  and v a l u e d  a s  
a f e r t i l i s e r ,  i s  n o r m a l l y  s p r e a d  o n to  t h e  s u r f a c e  o f  l a n d  i m m e d i a t e l y  
p r i o r  t o  p l o u g h i n g .  S l u r r y ,  on t t i e  o t l » r  l i and ,  i s  l i q u i d  and i s  o f t e n  
d i s p o s e d  o f  by s p r a y i n g  o n t o  t h e  s u r f a c e  o f  p e r m a n e n t  p a s t u r e .
S p r a y i n g  o f  l i q u i d s  p r o d u c e s  a e r o s o l s ,  w h i c h  a r e  a v e r y  e f f i c i e n t  
means  o f  b a c t e r i a l  d i s t r i b u t i o n .  The amount o f  a e r o s o l  p r o d u c e d  may 
v a r y ,  d e p e n d i n g  o n  s u c h  f a c t o r s  a s  w in d  s p e e d ,  t h e  t o p o g r a p h y  o f  t h e  
l a n d  and t h e  t y p e  o f  s p r a y i n g  m a c h i n e  u s e d .
A l t h o u g h  i t  i s  recommended t h a t  a n i m a l s  s h o u l d  n o t  b e  a l l o w e d  
t o  g r a z e  p a s t u r e s  t h a t  have b e e n  c o v e r e d  w i t h  s l u r r j ' -  u n t i l  a  few 
m on ths  liave e l a p s e d ,  g r a z i n g  o f t e n  o c c u r s  a f t e r  a  few w e e k s ,  d ay s
o r  ovon d u r i î g  s n r a ' ’ i rig.  G r a z i n g  a n i m a i s  a v o i d  a r e a s  w h e re  dong 
h as  hef'ii d e p o s i t e d  n a t u r a l l y  h u t  when s . l u r r v  i s  even !  d i s t r i b u t e d  
o’/ e r  t he land s o l e c t i v e  y r a z l n g  bv the  an im al  s i s  i m p o s s i b l e  (Venn ,  .1 9 7 0 )  
The a p n l i c a t i o T i  r a t e  o f  s l u r r y  to  n p a s t u r e  a t  anv one (in-^ may be a s  
h ig l i  as  -Id8 m'\'*ha o r  more  ( B e r r v m a n ,  1 9 7 0 ) ,  Due In  t h e  h i g h  w a t e r  
c o ni en I of  s i  u r i y , o r g a n i c  m a t t e r  i n c l u d i n g  e n t e r i c  b a c t e r i a  may 
r a i n  a c c e s s  t o  wa t e r  coujcses  f rom s u r f a c e  r i i u -o  f f and l a n d  d r a i n a g e .
Tiie i n t r o d u c  l,io n o f b i o l o g i  c n l  t r e a t m e n t ,  s ’s te rns  f o r  h a n d l i n g  
an im al  e x c r e t a  may p r o v i d e  an  u n f a v o u r a l i l e  e n v i ro n m e n t  f o r  e n t e r i c  
b a c t e r i a  h u t  t.lie p o s s i b i l i t y  t h a t  t i iey  s u r v i v e  i n  a t r e a t m e n t  u n i t  
must  be c o n s i d e r e d  d u r i n g  t h e  d e v e l o p m e n t  of  s u c h  s y s t e m s .  T h i s  
boctmio-’ p a r t i c u l a r l y  i m p o r t a n t  i f  t h e  p r o d u c t s  o f  t r e n t m e n . t  o f  animal  
e x c r e t a  a r e  to be  u s e d  f o r  example  a s  a f e e d  a d d i t i v e  i n  t h e  form o f  
m i c IX) b i a 1 p r o  t  e i n .
rtnis i t  i s  a p p a r e n t  t h a t  i.be change  f rom  a f a r m y a r d  m an u re  
s y s t e m  to  a s e m i - l i q u i d  s l u r r y  s y s t e m  may a t  p r e s e n t  be p r o m o t i n g  
t h e  d i s t r i b u t i o n  of e n t e r i c  b a c t e r i a  i n  t h e  e n v i r o n m e n t .
P a t h o g e n i c  b a c t e r i a  i n  an im al  f a e c e s
Numerous  p a t h o g e n s  o f  d o m e s t i c  a n i m a l s  a l s o  c a u s e  d i s e a s e  i n  a  
r a n g e  o f  s p e c i e s  of  o t h e r  a n i m a l s ,  i n c l u d i n g  man. Many of t h e s e  
p a t h o g e n s  a r e  e x c r e t e d  i n ,  an d  i n  some c a s e s  known t o  be  t r a n s m i t t e d  
to  new h o s t s  by ,  an im a l  f a e c e s .  The most  s i g n i f i c a n t  p a t h o g e n i c  
b a c t e r i a  e x c r e t e d  i n  an im al  f a e c e s  i n c l u d e  S a l m o n e l l a  s p . ,
Mycoba c t e r i a  s p . , B r u c e l l a  s p . ,  L e p t o s p i r a  s p . , and e n t e r o p a t h o g e n i c  
E s c h e r i c h i a  c o 1 i ( D e c k e r  an d  S t e e l e ,  1966;  Venn ,  1 9 7 0 ) .
Coli  form e n t e  r i  t . i s . E s c h e r i c h i a  c o l i  i s  u s u a l l y  t h e  most  
num ero us  o r g a n i s m  i n  t h e  f a e c e s  o f  a n i m a l s  and man. Bec ause  i t  i s  
so num erous  and c a n  be r e a d i l v  i s o l a t e d ,  i t  i s g e n e r a l  1 y u s e d  as  an 
i n d i c a t o r  o f  f a e c a l  co ntarai  m  li o n , p a r l l c u l a r l v  i n  r e l a t i o n  to  w a t e r  
s u p p l i e s  ( D e p a r t m e n t  o f  h e a l t h  and S o c i a l  S p c u r i t y ,  1 9 7 0 ) .
A few s t r a i n s  o f  E.  co 1 i  a r e  p a t h o g e n i c  aTid c a u s e  s e r i o u s  l o s s e s  
am ongs t  youn g l i v e s t o c k ,  b u t  a l t h o u g h  c o l i f o r m  e n t e r i t i s  i s  common 
and a c o n s  i d o r  a b l e  omo un t  o f Icno w 1 ed g e  ex i s  t s a b o u t  E-, ^  >
r e l a t i v e l y  l i t t l e  i s  knomi ab o u t  i t s  ep idem ic  1 o r y . U/hethnr n r  not  
a p a r t i c u l a r  a n i m a l  becomes i l l  a p p e a r s  to depend  rnoix' on I,he 
c o n d i t i o n  o f  t h e  an im al  t h a n  on th e  p a t h o g e n i c i t y  o f  t h e  o r g a n i s m ,  
R c n s o n e r  ( l 9 7 l )  s u g g e s t s  t h a t  col  1 r e c e i v e s  l e s s  a t t e n t i o n  th an  
i t  d e s e r v e s  i n  v i e w  o f  i t s  d i s t r i b u t i o n  and a b i l i t y  to c a u s e  
e n t e r i t i s ,  b u t  i t  i s  g e n e r a l  1 \' a c c e p t e d  that - an an im a l  becomes 
i n f e c t e d  f rom i t s  m o t h e r , o r  f r om  o t i u ' r  a n i m a l s  l ioused w i t h  it. and 
it. i s  u n l i  k e l  y 1 h a t  m e th o d s  o !' h a n d l i n n  f a e c e s  h a v r  aur- a f f  ect,  on 
t h e  i n c i d e n c e  o l ‘ c o l i  form e n t e r  i  t  i s .
B r u c c l l o s i s . F e a r s  t h a t  B r u c e l l a  a b o r t u s  ca n  be t r a n s m i t t e d  bv 
f a e c e s  to new h o s t s  tiavc be en  e x p r e s s e d  b?' s e v e r a l  a u t h o r s  (Et .abl efort.i '! 
1959;  K u s d as  and M o rse ,  1 f’5 1 : B e c k e r  and S t e e l e  , lOOfi), ho w ev er ,
t h e r e  i s  no e v i d e n c e  t h a t  t h i s  o r g a n i s m  h a s  been I r a n s m i  1.t e d  to 
a n i m a l s  o r  man from i n f e c t e d  f a c c e s , s o i l  or  w a f e r .  Tiuinsin i s s i  on 
i s  u s u a l l y  by an im a l  to an im al  c o n t a c f . ,  conf .acf will's an af)orf ed 
f o e t u s ,  o r  i tU 'c 'cted  mil le ,  FI i s  n r o h a n l e  i i;at  t c n r s  o f  f ra nsmi  s s i  on 
v i a  f a e c a l  m a i . e r i a l  a r i s e  from f !;r> f a c t  t l 'uf a b o r t e d  f o e t u s e s  a r c  
0  f i on di spo ed of Î V/ 1 o a s l u r r \  1 anl .
do line.s d i s e a s e .  Xr/ c o lm e i , e r ium j o  line i i i s  e x c r e t e d  i n  t h e  f a e c e s  
o f  i nf ec t e d  anima 1 s and the  d i s e n s e  c a u s e s  hetw'oon 2  and 1 0  p e r  c e n t  
h e r d  mor la 1 i tv  i n  t h e  U,K, each  y e a r  ( D o y l e ,  1950 ') .  L i t t l e  i s  k nown 
atiou t  i 1 s mode  o f  t r a n s m i s s i o n  nnd no s n i i s t a n  t' i a l  e v i d e n c e  had lioen 
r e p o r t e d  t o  soggcat .  t h a t  f a e c e s  a r e  an i m p o r t a n t  v e c t o r .  \  e v e r  t h e  1 e s s , 
L o v e l l  nnd I ' r a n c i s  ( 1 Odd) s u g g e s t  t h a t  p a s t u r e  a v.dii eh h a v e  h e e n  
g r a z e d  hy i n f e c  t ed  a n i m a l s  s h o u l d  n o t  be g r a z e d  a g a i n  f o r  tw e lv e  
m o n t t i s .
Lopto  s n i r o s i  s . P i g s  a r e  i m p o r t a n t  h o s t s  o f  L e p t o s p i r a  s p .  and 
p r o l i a b l y  s e r v e  a s  t h e  r e s e r v o i r  f o r  d i s e a s e  i n  man ( h u r n s t e i n  and 
B ak e r ,  1 9 5 4 ) .  Beziimnovn ( l 9 7 0 )  f o u n d  t l m t  farm a n i m a l s ,  p a r t i c u l a r l y  
n i g s ,  w e r e  t h e  m a i n  r e s e r v o i r s  o f  i n f e c t i o n  an d  t h a t  t r a n s m i s s i o n  
o c c u r r e d  v i a  s t a g n a n t  b o d i e s  o f  w a t e r .  T h e r e  a r e  no o t h e r  r e p o r t s  
t o  s u " g e s t  t l i a t  onimal  e x c r e m e n t  i s  an i m p o r t a n t  v e c t o r  o f  t h e  d i s e a s e .
S a't fnone l  1 o s i s .  S a l m o n e l l o s i s  i s  p r o b a b l y  tlie m o s t  e c o n o m i c a l l y  
i m j i o r t a n t  d i s e a . s e  t r a n s m i t t e d  betw'oen a n i m a l s  and t o  man.  A p a r t  f rom'  
S.  t y p h i and S.  p a r a t y p h i , a n i m a l s  a r e  t h e  p r i n c i p a l  h o s t s  o f  
s a l m o n e l l a e  (N e w e l l ,  1067;  P r o s t  and P i o m a n n , 1967)  and a n i m a l  
ex c r e m e n t  i s  c l a i m e d  to be  a  v i t a l  f a c t o r  i n  p e r p e t u a t i n g  and 
e x t e n d i n g  the  p r e v a l e n c e  o f  a n i m a l  h o s t s  ( D e c k e r  and S t e e l e ,  1 9 6 6 ) .
Tlie p r e s e n c e  o f  s ' - m p to m les s  c a r r i e r s  of s a l m o n e l l a e  makes  t h e  s i z e  
o f  t h e  a n i m a l  r e s e r v o i r  d i f f i c u l t  to  d e t e r m i n e .  C a r r i e r s  a r e  
e s p e c i a l l y  i m p o r t a n t  b e c a u s e  t h e y  e x c r e t e  l a r g e  n um bers  o f  v i a b l e  
s a l m o n e l l a e  and t h e r e b y ,  h e l p  to  m a i n t a i n  t h e  l e v e l  o f  o r g a n i s m s  
g e n e r a l l y  d i s t r i b u t e d  i n  t h e  e n v i r o n m e n t  ( 6 bung and F r o s t ,  1 9 6 9 ) .
Animal  f e e d s  a r e  n m a j o r  s o u r c e  o f  s a l m o n e l l a e .  H ow ever , t n e  l a c k  
o f  c o r r e l a t i o n  b e tw een  s e r o l y n e s  found i n  f e e d s  and s e r o t y p e s  i s o l a t e d  
f rom i nf  oc t e d  a ni ma 1 s shows t h a t  o t h e r  m a j o r  s o u r c e s  o f  i n f e c t i o n  e x i s t ,
Proi” the  l i t e r a t u r e  of  r e c e n t  v e a r s  i t  i s  a p p a r e n t  t l i a t  c h a n g e s  
a r e  o c c u r r i n g  i n  t h e  r e l a t i v e  i m p o r t a n c e  o f  d i f f e r o n f  s e r o t y p e s  o f  
s a l m o n e l l a e .  ' I ' i f t e e n  t o  twen t y  y e a r s  ago ou tb i -oaks  o f  s a l m o n e l l o s i s  
i n  d o m e s t i c  a n i m a l s  w e re  u s u a l l y  due  to  h o s t - a d a p t e d  s e r o t y p e s .
R e p o r t s  i n  r e c e n t  • o a r s ,  ho w ev er ,  show t h a t  o u t b r e a k s  o f  s a l m o n e l l o s i s  
due to n o n - h o s t - a d a p t e d  s e r o t y p e s  i n  p a r t i c u l a r t y p h i m u r i u m , a r e  
i n c r e a s i n g .  T h i s  i s  p r o b a b l y  due t o  i raporved m e th o d s  o f  t r e a t m e n t ,  
c h a n g e s  i n  an im a l  h u s b a n d r y  and t h e  u n i v e r s a l  d i s t r i b u t i o n  o f  animal  
f e e d - s t u f f s .
b o v in e  s a l m o n e l l o s i s  i s  i n c r e n s  t lyr i n  s e v e r a l  p a r t s  o f  t h e  w o r l d .  
The m a j o r i t y  of i n f e c t i o n s  a r e  due  to S,  du b l i n  b u t  r e c e n t  r e v i e w s  
(Kampel m a c h e r , Gn in ee  and C l u r e n b u r g ,  1962;  Hughes  rvt al_, 1971;
K a h r s  £ t  aj_, 1972)  r e p o r t  a marked i n c r e a s e  i n  i n f e c t i o n s  due  t o  
S . t ) i i  hi  m u r iu m .
P i g s  r r e  one  of t h e  main  r e s e r v o i r s  o f  s a l m o n e l l a e  i n  t h e  o n im a l  
k ingdom a c c o r d i n g  to S o j k a  and b i t t e r  ( l 9 6 l ) .  I n  m o s t  p a r t s  o f  t h e  
w o r l d  S .  c h o l e r g - s u i s  i s  t h e  main  s e r o t y p e  a s s o c i a t e d  w i t h  c l i n i c a l  
d i s e n s e  i n  p i g s  b u t  o u t b r e a k s  due to o t h e r  s e r o t y p e s  have  i n c r e a s e d  
in  r e c e n t  w a r s .  M o re house  (1 9 7 2 )  s u g g e s t s  t h a t  n o n - h o s t - a d a p t e d  
s a l m o n e l l a  s e r o t y p e s  i n  p i g s  a r e  more iuTj ior tant  t h a n  S.  c ho 1 e r  a - su i s  
b e c a u s e  o f  t h e i r  p a t h o g e n i c i t y  f o r  man and o t h e r  a n i m a l s .  S lcovgaard 
and N i e l s o n  ( l 9 7 2 )  r e p o r t  t h a t  i n  E n g l a n d ,  Wale s  and Denmark,  o f  t h e  
t w e n t y - f i v e  mos t  common s a l m o n e l l a e  i n  p i g s ,  n i n e  a r e  i n c l u d e d  i n  
t h e  t e n  m o s t  common i s o l a t e s  f rom human i n f e c t i o n s .
10
t y p h i i rmr iu m  i s  I bo moat  im j)o r to n l  non-bo--■t-ad a p t  od s e r o t y p e  
J s o l a  tod  f r o m  done a t  ic  a n i m a l s .  In  Denmark who re  an im a l  f e e d s  a r e  
" r e s t e r i 1 i z e d " , S .  ty p h im n r inn i  ae co un I a f o r  60 p e r  c e n t  o f  t h e  
i so la I os  from fii'^s ( S h o v g aa r d  and 1 9 7 2 ) .
B. do hi i n  i s  a l s o  i n e r e a s  i ng i n  i m p o r t a n c e  f o r  i t s  a s s o c i a t i o n  
wi t i l  an i \ r . a l s  o t h e r  t h a n  c a t t l e .  I n  1962 K a m pe ln inc he r , O n inee  and 
t ' l a r o n b e r g  r e p o r t e d  t h a t  S.  d i ih l i  n was t h e  t h i r d  m o s t  common s e r o t y p e  
i s o l a t e d  f rom p i g s  i n  t h e  N e t h e r l a n d s .  In  Engl an d  a r d  Wales  i t  was 
I lie s e v e n t h  m o s t  common s e r o t y p e  b e f o r e  1961 ( S o j k a  and G i t t e r ,  19 Cl )  
h u t  in  a r e c e n t  s u r v e y  ( S k o v g a n r d  and N i e l s o n ,  1972)  i t  was I b i r d .
d u b l i n  i s  a l s o  becoming  an i m p o r t a n t  p a t h o g e n  o f  s h e e p  nul humans 
( h u g h e s  e t  rJ , ,  1 9 7 1 ) .
P o u l t r y  a r e  a n o t h e r  i m p o r t a n t  r e s e r v o i r  o f  s a l m o n e l l a e .
K r a f t  e_t a l  ( 1 9 6 9 )  p r o v i  de e v i d e n c e  t o  show t h a t  c h a n g e s  i n  h u s b a n d r y  
t o w a r d s  ca ged  h o u s i n g  o f  p o u l t r v  may a c t u a l l y  p ro m o te  s h e d d i n g  of  
s a l m o n e l l e e  w^  en compared w i t h  f l o o r e d  h o u s i n g .  I f  t h i s  i s  t h e  c a s e ,  
t h e n  s l u r r y  f ro m  p o u l t r y  h o u s e s  may be a g r e a t e r  h a z a r d  t h a n  t h e  
b e d d i n g  and f a e c e s  f rom  f l o o r e d  h o u s i n g .
S u r v i v a l  o f  p a t h o g e n s  i n  a n i m a l  e x c r e m e n t
K r a f t  ( 1 9 6 9 ) ,  Venn ( l 9 7 0 )  and F i n d l a y  ( 1 9 7 2 )  h a v e  a l l  s u g g e s t e d  
t h a t  t h e  a c c u m u l a t i o n  o f  a n i m a l  e x c r e t a  i n  t h e  fo rm  o f  a  s e r a i - l i q u i d  
s l u r r y  i n c r e a s e s  t h e  r i s k s  o f  s p r e a d  o f  d i s e a s e .  T h e s e  a u t h o r s  
s u p p o r t  t h e i r  a r g u m e n t s  w i t h  a  number  o f  r e f e r e n c e s  t o  s t u d i e s  on 
t h e  s u n r i v a l  o f  p a t h o g e n s  i n  animal  f a e c e s .  The m a j o r i t y  o f  t h e s e  
s t u d i e s  a r e  a l s o  u s e d  by t h e i r  a u t h o r s  and i n  n u m ero u s  p r e s s  a r t i c l e s ,
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i. 0  omphasi sc I !.o h o a l i b  h a z a r d s  a s s o c i a t e d  w i t h  (:ho h a n d l i n g  o f  
s l u r r y .  I t  i s  o s o f u l ,  t  lioro I ' o r e , t o  c o n s i d e r  some of  t h o s e  r e p o r t s .
Mad do c k ( 1 9 3 3 ) ,  d e s c r i b e d  t i c  s u r v i v a l  o f  b o v i n e  t u b e r c u l e  
b a c i l l u s  in s a m p l e s  o f  d r i e d  dung f o r  up t o  s i x  m o n t h s .  Love! and 
{ ' r a n c i s  ( l O d d )  c o l l e c t e d  s a c p l o s  o f  f a e c e s  f rom an au ln t a l  i )if e c t e d  
w i t h  -loh.ue,- b a c i l l u s .  The f a e c e s  w e r e  s t o r e d  i n  a p o r o u s  bowJ 
u l a c o d  in  th e  open ami ,  t h e r e f o r e ,  s u b j e c t  t o  c l i m a t i c  c h a n g e s .
D u r in c  . s t o r a g e  i t  was f r o z e n ,  d r i e d ,  and s u b j e c t e d  to a  t e m p e r a t u r e  
r a n g e  b e t w e e n  - 3 . 3  t o  2 3 , 3 ^ C .  T h e  p a t h o g e n  was i s o l a t e d  f o r  up t o  
2 4 6  days*
lieTining ( l 9 3 0 )  found t h a t  S a l m o n e l l a  d u b l i n  suiu ' - ived 1069 d ay s  
in  i n f e c t e d  manure  w h i c h  had  b ee n  d r i e d  i n  an i n c u b a t o r  f o r  48 h o u r s  
and s t o r e d  i n  b o t t l e s .  F i e l d  ( l 9 4 9 )  s t a t e d  t h a t  d u b l i n  r e m a i n e d  
v i a b l e  i n  b o v i n e  f a e c e s  f o r  many m o n t h s .  J o s i  and ( l 9 5 l )  i s o l a t e d  a 
c u l t u r ( '  o f  S .  t y p h i  murium f r o m  a c a s e  o f  b o v i n e  s a l m o n e l l o s i s ,  lie 
t h e n  i n o c u l a t e d  s a m p l e s  o f  f a e c e s  w i t h  t h e  o r g a n i s m .  Some s a m p l e s  
w e re  s t o r e d  i n  t h e  s h a d e  b u t  e x p o s e d  t o  wind  and r a i n ,  o t h e r s  w e r e  
ex])osed t o  s u n l i g h t ,  wi nd and r a i n .  The o r g a n i s m  s u r v i v e d  f o r  20 
w eeks  i n  t h e  s h a d e d  s a m p l e s  and b e t w e e n  1 2  t o  28 w eeks  i n  t h e  s a m p l e s  
e x p o s e d  to s u n l i g h t ,  G ib s o n  ( l 9 6 l )  c o l l e c t e d  s a m p l e s  o f  f a e c e s  f r o m  
cows t h a t  w e r e  c o n s t a n t  e x c r e t o r s  o f  s a l m o n e l l a e  and d e p o s i t e d  them 
on w a l l s .  He fo u n d  t h a t  t h e  s a l m o n e l l a e  sur i ' - ived f o r  up t o  s i x  
m o n th s  o u t d o o r s  and t e n  m o n t h s  i n d o o r s ,
K u s d a s  and M ors e  ( l 9 5 4 )  s t u d i e d  t h e  s u r v i v a l  o f  B r u c e l l a  a b o r t u s  
i n o c u l a t e d  i n t o  b o v i n e  e x c r e m e n t .  Th ey  p r o v i d e d  e v i d e n c e  t h a t  t h e  
i n i t i a l  pll v a l u e  o f  t h e  e x c r e m e n t , i n c r e a s e s  i n  a c i d i t y  o r  a l k a l i n i t y ,  
t h e  p r e s e n c e  o f  o t h e r  o r g a n i s m s ,  s t o r a g e  t e m p é r a t u r e  and t h e  p r e s e n c e  
o f  d e l e t e r i o u s  s u b s t a n c e s ,  a l l  i n f l u e n c e d  t h e  d e a t h  o f  g r . a b o r t u s . 
S u r v i v a l  was e n h a n c e d  b y  s t e r i l i s i n g  t h e  manure  p r i o r  t o  i n f e c t i o n  
and by l o w e r  s t o r a g e  t e m p e r a t u r e s .
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A l t l i o u g h  t h e s e  r e p o r t s  p r o v i d e  some i n f o r m a l  i o n  on t h e  s u r v i v a l  
o f  p a t l v ' - f ' n s  v i ' i c h  a r e  e x c r e t e d  i n  r a e e e s , few a r e  d i r e c t l y  c o n c e r n e d  
w i t h  s u r v i v a l  o p a t h o g e n s  i n  a s l u r r y  r e s e r v o i r .  When t h e  e x c r e m e n t  
i s  accu i ru l  at'Ml as  a si  n r  r\- and s t o r e d  i n  l a r g o  t a n k s , ox^'gen i s  
e x h a u s t e d  and a n a e r o b i c  mierohia. l .  d e g r a d a t i o n  o f  tlie n;al e r i a  ! c o m e n c o s  
T i m s , s i o i ' a g o  o f  s l o r r ? '  may he  c o n s i d e r e d  a s  a me I hod o f  b i o l o g i c a l  
I r o a i m e n t  o f  t ) ie e x c r e t a ,  ex-en t h o u g h  t h e  s^'s tem i s  u n c o n t r o l l e d  and 
th ' '  pi 'edue t s  o f  t i u '  m i c j o b i a l  a c t i v i t y  a r e  more o f  a n u i s a n c e  t h a n  
t h e  o i ' i g i n a l  m a t e r i a l .  The amount of  d e g r a d a t i o n  vdi ich  O ' - cu rs  
d e p e n d s  on s o v c ' r a l  f a c t o r s ,  i n  j i a r t i c u l a r  s t u r a g e  t i m e  and t e m p e r a t u r e *  
E x c r e t a  f rom a n i m a l s  s u ch  a s  c a t t l e ,  w h i c h  a r e  o n l \  h o u s e d  f o r  t h e  
w i n t e r  m o n t h s ,  may he  s t o r e d  f o r  6  t o  1 2  m o n t h s ,  w h i r o a s  e x c r e t a  
from a n i m a l s  h oused  a l l  t h e  y e a r  i s  s t o r e d  f o r  s h o r t e r  p e r i o d s , f rom 
a few h o u r s  to  s e v e r a l  w e e k s .
S u r v i v a l  o f  e n t e r i c  b a c t e r i a  d u r i n g  m i o r o b i a l  t r e a t m e n t  o f  a n im a l  
e x c r e t a
U n t i l  f a i r l y  r e c e n t l y  a n i m a l  e x c r e m e n t  was a c c u m u l a t e d  a s  a 
m i x t u r e  o f  f a e c e s ,  u r i n e  and s t r a w  b e d d i n g .  L i t t l e  o r  no w a t e r  was 
added to  t h e  m a t e r i a l ,  and a e r o b i c  m i c r o b i a l  a c t i x ' ' i t y  was e n c o u r a g e d  
t o  c o n v e r t  i t  t o  a  v a l u a b l e  b y p r o d u c t ,  i n  t h e  fo r m  o f  f a r m y a r d  m a n u r e .  
M i c r o b i o l o g i c a l  s t u d i e s  ( G o t a a s ,  1956)  show t h a t  t h e  t r e a t m e n t  t i m e  
and t e m p e r a t u r e  d u r i n g  c o m p o s t i n g  a r e  u s u a l l y  s u f f i c i e n t  t o  d e s t r o y  
i n t e s t i n a l  p a t h o g e n s .
On f a r m s  w h e re  a h y d r a u l i c  8^19tem  h a s  b e e n  a d o p t e d ,  t h e  s l u r r y  
i s  n o r m a l l y  s p r a ^ u d  o n t o  l a n d ,  b e c a u s e  l a n d  t r e a t m e n t  i s  t h e  c h e a p e s t  
and p r o b a b l y  t h e  m o s t  e f f e c t i v e  met liod o f  d i s p o s a l .  When l a n d  i s
in
n o t  i m m e d i a t e l y  a v a i l a b l e  t h e  s l u r r y  may be  s t o r e d ,  nnd d i r i n g  
s t o r a g e  a n a e r o b i c  m i c r o b i a l  a c t i v i t y  o c c u r s *
R e p o r t s  on t h e  s u r v i v a l  o f  p a t h o g e n s  i n  s l u j ^ r i c s  o f  on im al  
e x c r e m e n t  d u r i n g  s t o r a g e  a r e  c o n f l i c t i n g .  Most s t u d i e s  have b e e n  
c a r r i e d  o u t  o n  fa rm s  u n d e r  n a t u r a l  c o n d i t i o n s .  Few, i f  a n v ,  o f  t h e  
p a r a m e t e r s  l i k e l y  t o  a f f e c t  p a t h o g e n  s u r v i v a l ,  s u c h  a s  t e m p e r a t u r e ,  
pH v a l u e  and s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  have  b e e r  moni  t o r e d .
Hahn ( 1 9 6 7 )  s u g g e s t e d  t h a t  d i f f e r e n t  s l u r r i e s  and s t o r a g e  tempe r a t u  r e s  
a f f e c t e d  s u r v i v a l  o f  s a l m o n e l l a e .  Ho a l s o  fouufl  t l i a i  s u r v i ' - a l  l i m e s  
v a r i e d  w i t h  d i f f e r e n t  s t r a i n s  o f  s a l m o n e l l a e .  H a n k in  and T a y l o r  ( i 9 6 0 )  
d i s t r i b u t e d  a s am ple  o f  s l u r r y  f rom a d a i i q '  f a rm  i n t o  s i x  t a n k s .
The t a n k s  w e r e  c o v e r e d  and l e f t  o u t d o o r s  b e t w e e n  m i d - - l a n o a r y  and 
m i d - A p r i l .  Each o f  f i v e  t a n k s  were s e e d e d  wi tJ i  one  b a c t e r i a l  s p e r i c s ,  
e i t l i e r  S a l m o n e l l a  dubl  i  n , t y p h i muri iu», E s c h e r i  c h i a  no 1 i ,
S t a p h y l o c o  e c u s  a n r e u s o r  B r u c e l l a  a b o r  b u s , l e a v i n g  one t a n k  a s  a 
c o n t i o l .  A l l  t h e  o r g a n i s m s  d i e d  o u t  c o m p l e t e l y  w i l , h i n  t w e l v e  w e e t . s ,
The pll v a l u e s  of  t h e  s l n r t v  s a m p l e s  we re  w i t h i n  t i le r a n " e o f  7 , 0  t o
6 . 4  and t h e  d r y  m a t t e r  c o n t e n t  w i t h i n  t h e  r a n g e  o f  0 . 3 5  p e r  c e n t  t o
1 2 . 4  p e r  c e n t .  F i n d l a y  ( 1071 ) i n o c u l a t e d  S.  d u b l  i ri i n t o  i wo tunics 
eacl'i c o n t a i n i n g  40 1 o f  c o t  11 e s l u r r y .  One t a n k  was covcu-ed and I l i e  
olh(>r l e f t  e x p o s e d  l.o r a i n f a l l .  Some o f  t  lie i n o c u l a  l e d  c e l l s  
s u r v i v e d  foi- n t  l e a s t  f i v e  m o n t h s .  In  ano t h e r  s t ' r i e s  o ' '  cxpei-i  r r  nt s 
F i n d l a v  ( 1 9 7 2 )  found t h a t  d u b l i n  survi -ved  in  c a H  l e  ^ I n r r v  i'or
31 to 33 w eeks  when s l u r r y  v?as a r t i f i c i a l l v  i n f e c t e d  in HdnhçM’, hu t  
o n l y  18 to  19 w eeks  when i t  was i n f  e c t  cd i n  M ar '4 i , ’’a i n f s ' l l  and 
a tpio s p h e r  i c tcuapei-p.tn r e s  w e r e  r  e c o rd e d a t  the  s i t e ,  but. t lie so I i d s  
c o n c e n t r a t .  i 0  n and t e m n e r a  t o r e  o f  t h e  s l u r r '  we lU' not r e n o r  l ed  .
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As a  r e s u l t  o f  t h e  miniero u s  p r o b l e m s  m e n t i o n e d  e a r l i e r ,  m e th o d s  
,of c o n t r o l l e d  b i o l o g i c a l  t r e a t m e n t  o f  s l u r r y  a r e  u n d e r  i n v e s t i g a t i o n .  
M os t  o f  t h e  t r e a t m e n t  gu'steins i n  t h e  USA and i n  G r e a t  B r i  l a  In have 
b e e n  m o d i f i c a t i o n s  of m e th o d s  u s e d  i n  t h e  t r e a t m e n t  o f  d o m e s t i c  
s e w a g e . The t r e a t m e n t  o f  d o m e s t i c  sewage i s  p r i m a r i l y  c o n c e r n e d  w i t h  
t h e  r e c l a m a t i o n  o f  w a t e r .  S o l i d  w a s t e s ,  a r i s i n g  f rom s e d i m e n t a t i o n ,
and  t h e  s l u d g e s  o f  a e r o b i c  and a n a e r o b i c  t r c a t i a e n t  s y s t e m s ,  have
b e e n  c o n s i d e r e d  t o  be  o f  r e l a t i v e l y  m inor  im%ior tance .  For t h i s  
r e a s o n  t h e  s o l i d s  h a v e  u s u a l l y  b e e n  d i s p o s e d  o f  a s  c h e a p l y  a s  p o s s i b l e ,  
w i t h o u t  r e g a r d  t o  any ec o n o m ic  v a l u e .
The am oun t  o f  w a t e r  i n v o l v e d  i n  s l u r r y  d o e s  n o t  u s u a l l y  
n e c e s s i t a t e  c o n c e r n  a b o u t  w a t e r  r e c l a m a t i o n .  The p r i m a r y  c o n c e r n  
m u s t  be  t h e  t r e a t m e n t  o f  t h e  s o l i d  m a t e r i a l  (Owens,  1 9 7 2 ) .
T r e a t m e n t  s y s t e m s  s h o u l d  be  d e s i g n e d  f o r  t h e  c o n v e r s i o n  o f  s l u r i y  t o  
a m a t e r i a l  w h i c h  ca n  b e  u s e d  a s  a  f e r t i l i s e r ,  o r  a l t e r n a t i v e l y  t o  
some o t h e r  v a l u a b l e  b y p r o d u c t .
D u r in g  t h e  d e v e l o p m e n t  o f  b i o l o g i c a l  t r e a t m e n t  s v s t e m s  i t  i s  
n e c e s s a r y  t o  c o n s i d e r  t h e  f a t e  o f  e n t e r i c  b a c t e r i a .  K ampe lmacher  
and N o o r l e  J a n s e n  ( l 9 7 0 )  i n o c u l a t e d  S.  u t r e c h i  i n t o  d o m e s t i c
sewage and f o u n d  a 90 p e r  c e n t  r é d u c t i o n  i n  t h e  l i q u i d  e f f l u e n t .
The mean r e s i d e n c e  t i m e  i n  t h e  a e r a t i o n  r e s e r v o  li* was 1 0 . 5  h . Tpe 
n o r m a l  c o n c e n t r a t i o n  o f  s a l m o n e l l a e  i n  d o m e s t i c  sewage i n  I he 
N e t h e r l a n d s  was  found t o  be 2  p e r  cm' and t h e y  c o n c l u d e d  t h e t  t h e
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n orm al  e x p e c t e d  c o n c e n t r a t i o n  i n  t r e a t e d  e f f l u e n t s  w ou ld  be 1 p e r  cm , 
L e c l e r c  e t  nj_ ( l 9 7 0 )  a l s o  found  t h a t  o n l y  l o w  num bers  o f  p a t h o g e n s  a r e  
d i s c h a r g e d  i n  t l ie  l i q u i d  e f f l u e n t  f r o m  d o m e s / i c  sew'age t r e a t m e n t  p l a n t s .  
They  found h o w e v e r ,  t h a t  t h e  m a j o r i t y  o f  p a t h o g e n s ,  i n  p a r t i c u l a r  
s a l m o n e l l a e ,  become a s s o c i a t e d  wi th  and j jro t e c i  ed hv  slu<lo-e f l o e s .
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K ampe lm ach er  a n d  N o o r l e  J a n s e n  ( l 9 7 l )  f o u n d  a 99 p e r  c e n t  
r e d u c t i o n  o f  s a l m o n e l l a e  i n  t h e  e f f l u e n t  o f  an e x p e r i m e n t a l  
U o g - e x c r e m e n t  o x i d a t i o n  v a t .  The mean r e s i d e n c e  t ime o f  l i n u n r  in  
t h e  a e r a t i o n  r e s e r v o i r  a p p e a r e d  t o  h e  12 d a y s .  The a e r a t i o n  r o t o r  
Was s w i t c h e d  o f f  f o r  one h o u r  e a c h  d a y  and t i i e  t o p  l i q u o r  a l l o w e d  
t o  o v e r f l o w  i n t o  a s t r e a m .  No d e t a i l s  o f  t h e  c o n c e n t r a t i o n s  o f  
s u s p e n d e d  s o l i d s  o r  BOD o f  t h e  e x c r e m e n t ,  t h e  ae ro b ic :  s l i a l g c ,  o r  
t h e  e f f l u e n t  a r e  g i v e n ,  and t h e  o n l y  p r o d u c t  o f  t h i s  s ' ' n t c m  a p p e a r e d  
t o  b e  t h e  t o p  l i q u o r .  R o b i n s o n ,  Saxon and B a x t e r  ( l 9 7 l )  found t h a t  
s a l m o n e l l a e ,  s t r e p t o c o c c i  and s t a p h y l o c o c c i  s u j ' v i v e d  f o r  more t h a n  
8  d ay s  i n  a e r a t e d  p i g  u r i n e .  McCal l  a and E l l i o t t  (1971 ) s t a t e d  t l ' iat  
" s a l m o n e l l a  adde d  to  b e e f  manure  d i e d  r a p i d l y  u n d e r  a e r o b i c  c o n d i t i o n s  
b u t  s u r v i v e d  u n d e r  a n a e r o b i c  c o n d i t i o n s " .
Til t h e  a b s e n c e  o f  p e r f o r m a n c e  d e t a i l s  o f  t r o a t m e r s t  s '  s tems  i t  
i s  n o t  p o s s i b l e  t o  d e c i d e  f rom  s u c h  r e p o r t s  w h e t h ' r  o r  n o t  
s a l m o n e l l a e  s u r v i v e  l o n g e r  i n  s y s t e m s  f o r  t r e a t  i ng an im al  e x c rem en t  
t h a n  t h o s e  f o r  d o m e s t i c  s e w a g e . I f  p a t h o g e n s  becor.-.e a s s o c i a t e ^  w i t h  
s l u d g e  f l o e s  and t h e  s o l i d  m a t e r i a l  i s  t h e  main  p r o d u c t  o f  t r e a t m e n t ,  
i .hcn t h e r e  i s  an i n c r e a s e d  r i s k  of  i n f e c t i o n ,  e s i i e c i a l l y  i f  t h i s  
m a t e r i a l  i s  in  he u s e d  i n  an im al  f e e d s .
S u r v i v a l  o f  e n t e r i c  b a c t e r i a  on l a n d  and i he sp re ad  o f  e n t e r  i c d i s e o s e - y ,
Thc' re i s  r. c o n s  i d e r a  h i e  amori r t  o f  evithrico,  r e y  i owed !r. "udnl  I s  el .  -el 
( i r 5 0 )  and var '  Donsc’l , G c l d r e l c h  nnd Glar lcr  ( 1 9 6 7 )  I;'• a 1 e n i . e r i e  b a c l e r i a ,  
i n c l u d i r e  i n t e s t  i mi l  p a t h o g e n s , can s u r v i v o  on I a"d  f o r  l o n g  p e r i o d s .  
Beard ( l 9 4 0 )  and v a n  Douse 1 ot_ a_l_ (1 9 6 7 )  c o n c l u d e  t h a t  s o i l  I.ype has  
v e r y  l i  I t i e  i n f l u e n c e  on t h e  s u r v i v a l  of  f a e c a i  ! > a e t e r i a ,  i ncl  u d i n g  
s a l m o n e l l a e .  S o i l  moi s t o r e  and pH a r c  c o n s i d e r e d  i o be t h e  aui in 
] ) a r  a m e t  e t* s w ! i i e h of  f e c I - s u r v i v a l .
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Recor’. r i ;  TannocK' and S m i th  ( l 9 7 2 )  p r e p a r e d  s u s p e n s i o n s  o f  
S a l m o n e l l a  tva ihi imir ium and S,  h o v i s m o r h i  f i c a n s  i n  " s t e r i l e ,  s i e t z  
f‘i l i , e r e d  s ’'oop f a e r e s " .  T h ese  s u s p e n s i o n s  w o re  t h e n  s p r a v e d  o n t o  
t.lie s u r  faoe  o f  o u t  !oor e x p é r i m e n t a l  p l o t s  o f  i ' y e g r a s « - e l o v e r  p a s t u r e .
They found a r a p i d  d e e l i n o  o f  v i a b l e  c e l l s  i n  t h e  s o i l .  S u i v i  v a 1 
was  a r e a l  e s t  whore  t h e  o r g a n i s m s  w e re  p r o t e c t e d  f r o m  d i r e c t  s u n l i g h t .
Will To i t  i s  r o l o t i v o l y  e a s y  t o  d e m o n s t r a t e  t h e  p r e s e n c e  of  
v i a b l e  p a t h o g e n i c  b a c t e r i a  on l a n d  o r  i n  d r a i n a g e  w a t e r , i t  i s  v e r y  
d i f f i c u l t  to  show t h a t  t h e i r  p r e s e n c e  c o u l d  r e s u l t  i n  an o u t b r e a k  o f  
d i s e a s e .  M a i r  and R oss  ( i 9 6 0 )  r e p o r t  t h e  c a s e  o f  a youn g g i r l  i n f e c t e d  
w i t ! i  S ,  t v p h i m u r i u m . C a t t l e  f a e c e s  had b e e n  dug i n t o  t h e  g a r d e n  a  few 
v/eeks e a r l i e r  and S,  t ; ' .njhiiïiurium was i s o l a t e d  f rom s o i l  s a m p l e s .  Tt  
was n o t  | ) o s s i b l e  howe ve r  t o  d e c i d e  w h e t h e r  t h e  s a l m o n e l l a e  i n  t h e  s o i l  
o r i g i n a t e d  f r o m  t h e  c a t t l e  f a e c e s  o r  f rom t h e  c h i l d .  J a c k  and TIepper ( 1 9 6 9 )  
r e p o r l o i l  an o u t b r e a k  o f  s a l m o n e l l o s i s  in  c a t t l e  g r a z i n g  a  p a s t u r e  wdiioh 
had  beet,  i r r i g a t e d  t h r e e  weeks  e a r l i e r  w i t h  s l u r r y  c o n t a m i n a t e d  w i t h  
S ,  t y p h i m u r i u m . W i l l i a m s  ( l 9 7 0 )  p r o v i d e s  e v i d e n c e  t h a t  many c l i n i c a l  
c a s e s  in  a d u l t  c a t t l e  and s h e e p  i n  C a r m a r t h e n s h i r e  a r i s e  f r o m  t h e  
g r a z i n g  o f  r e c e n t l y - f l o o d e d  p a s t u r e .  R i c h a r d s o n  and Wa tson  ( l 9 7 l )  
found S. d u b l i n  i n  a r i v e r  n e a r  a p a s t u r e  w h e re  i n f e c t e d  c a t t l e  had 
boon  g r a z i n g .  They s u g g e s t e d  t h a t  t h e  i n f e c t e d  w a t e r  w a s  t h e  s o u r c e  
o f  i n f e c t i o n  f o r  s e v e n  o u t b r e a k s  o f  d i s e a s e  on f a r m s  c l o s e  t o  t h e  
some r i v e r .  O r r  ( l 9 7 2 )  r e p o r t e d  an  o u t b r e a k  o f  t^ophimuri tmi  
i n f e e l  i o n  i n  c a t t l e  i n  W i g t o w n s h i r e .  The s o u r c e  o f  i n f e c t i o n  a p p e a r e d  
t o  be t h e  d i s c h a r g e  o f  a  s e p t i c  t a n k  f o l l o w i n g  t h e  i n f e c t i o n  o f  
an e l d o r l v  woman i n  t h e  f a n n h o u s e .
Tü-, l o  n: J  j ft'AB ( M>7 I ) î'^'d ( ' r . l . f lp  p ! \! i t v  c o n i  f ini  D a t e d
w i t h  S ,  d u hi i n to a n n - ^ i a r c .  Calvoc- hora 'ue i n f  c e t  ad v.dion a l l o w e d  
1 <> g r a x e  on a n a x n i r ^ '  muiun ('d t h e  p r e v io . n s  dav vn i.h s l u n ’v c o n t a i n i n g  
10 S . djjdil i_n fier ctn ,
riif.î-o ie  I t M l o  e v i d e n c e  t o  confii ' i 'u iiir'  h e l i e l '  (lia ( l,he 
i îicrefKs i ne- i i r a c t i . c e  oX d i s p o s i n g  o f  an im al  e x c r e m e n t ,  i n  t h e  form o f  
a se, i - 1  i qui  d s l n r r v ,  onto  l a n d  i n c r e a s e s  t h e  i n c i d e n c e  o f  i n t e s t i n a l  
d i s e a s e s  am on ps t  d o m e s t i c  a n i m a l s  a n d / o r  man. h o w e v e r ,  i f  d i s e a s e s  
suclî  a s  s n lm o n e l  1 os  i s a r e  to he c o n t r o l l e d  t h e n  c o n t a m i n a t i o n  o f  
l a r d  rad  w a t e r - c o n r s e s  mus t  he m i n i m i s e d  (Nowel l and W i l l i a m s ,  1071; 
h u g h e s  c2 _ a 1, 1 0 7 1 ) ,  B e f o r e  t h i s  can he d o n e ,  t h e  c h a n c e s  o f  
s i  an i t i  c a n t  iivuiihers o f  p a t  ho go a s  r e m a i n i n g  v i a b l e  i n  e x c r e m e n t  d u r i n g  
s t o r a g e  a n d / o r  d u r i i r  c o n t r o l l e d  b i o l o g i c a l  t r e a t m e n t  m u s t  he 
i n v e s t  i a a i e d .  I f  c o m p l e t e  e l i m i n a t i o n  o f  v i a b l e  p a t h o g e n s  from 
i n f e c t e d  ma te  r i  a 1 i s  n o t  p r a c t i c a l  t h e n  f a c t o r s  w h i c h  fu r t . ( i e r  
i n C l u e n c o  t h e  d i s s e m i n a t i o n  o f  b a c t e r i a  i n  t h e  e n v i r o n m e n t  must  
a l s o  he u n d e r s t o o d .
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SCOPE OF WOTflC
A t  p r e s e n t ,  a n i m a l  e x c r e m e n t ,  which i s  a c o n m n l a t e d  and s t o r e d  
i n  t h e  form o f  a  s e r a i - l i q u i d  s l u r r y ,  o r  t h e  r e s i d u a l  s l u d g e  f ro m  an 
a e r o b i c  b i o l o g i c a l  t r e a t m e n t  s y s t e m ,  i s  n o r m a l l y  d i s p o s e d  o f  by 
s p r a y i n g  o n t o  t h e  s u r f a c e  o f  g r a s s l a n d .  I f  a p p r e c i a b l e  numbers  o f  
v i a b l e  p a t h o g e n i c  m i c r o - o î ' g a n i s m s  s u r v i v e  s t o r a g e ,  t h e n  d i s p o s a l  o f  
t h e  s l u r r y ,  o r  r e s i d u a l  s l u d g e ,  c o u l d  i n c r e a s e  t h e  nu m b ers  and 
d i s t r i b u t i o n  o f  i n t e s t i n a l  p a t h o g e n s  i n  t h e  e n v i r o n m e n t .
P i g s  a r e  o n e  o f  t h e  m a i n  r e s e r v o i r s  o f  s a l m o n o l l a e  am o n g s t  
d o m e s t i c  a n i m a l s .  I n f e c t e d  a n i m a l s  w h i c h  may o r  may n o t  d e v e l o p  
c l i n i c a l  sxmiptoms o f  d i s e a s e  e x c r e t e  l a r g e  n um bers  o f  t h e  o r g a n i s m s  
i n  t h e i r  f a e c e s .  T h u s ,  f r e s h l y - e x c r e t e d  p i g  e x c r e m e n t  s h o u l d  be  
c o n s i d e r e d  a s  a  p o t e n t i a l  r e s e r v o i r  o f  v i a b l e  s a l r a o n e l l a e .
D u r i n g  t h e  s t o r a g e  o f  u n t r e a t e d  e x c r e m e n t ,  l a r g e  s o l i d s  
s e t t l e  t o  t h e  b o t t o m  o f  t h e  s l u r r y  t a n k .  A n a e r o b i c  c o n d i t i o n s  
d e v e l o p  and t h e  g a s e s ,  p r o d u c e d  by  f e r m e n t a t i o n ,  l i f t  some o f  t h e  
s o l i d s  t o  t h e  s u r f a c e ,  w h e re  w i t h  t h e  a i d  o f  p i g  h a i r s ,  t h e y  f o r m  
a c r u s t .  T h i s  c r u s t  t h e n  a c t s  a s  a n  a i r - t i g h t  s e a l  sb t h a t  m o s t  o f  
t h e  e x c r e m e n t  i s  k e p t  a n a e r o b i c .
On some f a r m s  a e r o b i c  b i o l o g i c a l  t r e a t m e n t  o f  s l u r r y  i s  b e i n g  
t r i e d  i n  o r d e r  to  r e d u c e  p o l l u t i o n  p r o b l e m s ,  b u t  a l l  s y s t e m s  p r e s e n t d r y  
i n  u s e  a r e  l a r g e l y  e x p e r i m e n t a l .  The p r o p e r t i e s  o f  r e s i d u a l  s l u d g e s ,  
and w h e t h e r  o r  n o t  a  l i q u i d  e f f l u e n t  i s  p r o d u c e d ,  f r o m  a e r o b i c  
b i o l o g i c a l  t r e a t m e n t  s y s t e m s  d e p e n d s  n o t  o n l y  on  t h e  t y p e  o f  a n i m a l  
and i t s  d i e t ,  b u t  a l s o  o n  t h e  o p e r a t i n g  c o n d i t i o n s  o f  t h e  t r e a t m e n t  
sydem t o  m e e t  t h e  r e q u i r e m e n t s  o f  t h e  o p e r a t o r .  T r e a t m e n t  s y s t e m s  
c a n  b e  o p e r a t e d  a t  v a r i o u s  b i o c h e m i c a l  o x y g e n  demand l o a d i n g  r a t e s ,  
pll  v a l u e s ,  t e m p e r a t u r e s ,  m ixed  l i q u o r  s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n s  
and d i s s o l v e d  ox y g en  c o n c e n t r a t i o n s .  A d j u s t m e n t  o f  a n y  o f  t h e s e
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pru -a inote rs may a f f o c t  t h e  c h e m i c a l  c o n i p o s i i i o n  o f  t l ie  r e s i d u a l  sl i idt re 
and i t s  d e v / a i e r a b  i 1 i I v,  and may a l s o  i n f l u e n c e  t h e  c h a n c e s  o f  s u r v i v a l  
o f  p a t h o a o n i c  b a c t e r i a .
S e c t i o n  I o f  t h i s  r e p o r t  d e s c r i b e s  s t u d i e s  on some o f  t h e  f a c t o r s  
w h ich  ni i y hi, i n f l u e n c e  t h e  s u r v i v a l  o f  s a l i n o n e l l a e  i n  p i g  e x c r e m e n t  
d u r i n g  a n a e r o b i c  si or a g e , and i n  t h e  mixed 1 i q u o r  o f  an a e r o b i c  
b i o l o g i c a l  t r e a t m e n t  u n i t .  S i n c e  n a t u r a l l y  I n f e c l e d  e x c r e m e n t  was 
n o t  r e a d i l y  a v a i l a b l e ,  i t  was n e c e s s a r y  t o  a r t i f i c i a l  1 y  i n f e c t  
s a m p l e s  o f  p a i h o g e n  f r e e  p i g  e x c r e m e n t  w i t h  a s p e d e s  of  s a l m o n e l l a .
S e c t i o n  IT i s  c o n c e r n e d  w i t h  i n v e s t i g a t i o n s  i n t o  f a c t o r s  w hich  
i n f l u e n c e  t l ie  p a s s a g e  o f  b a c t e r i a ,  t h r o u g h  s o i l ,  i n t o  l a n d  d r a i n a g e  
w a t e r . i f  a p p r e c i a b l e  n um bers  o f  v i a b l e  i n t e s t i n a l  p a t h o g e n i c  
b a c t e r i a ,  s u c h  a s  s a l r a o n e l l a e ,  a r e  p r e s e n t  i n  s l u r r y  s p r a y e d  o n to  
t h e  s u r f a c e  o f  g r a s s l a n d ,  t h e n  a  p r o p o r t i o n  o f  t h o s e  o r g a n i s m s  may 
p a s s  t h i n  ugh s o i l  i n t o  l a n d  d r a i n a g e  w a t e r  and t h e n c e  i n t o  a w a t e r  
cou r  BO.
The c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  t h e  s u b - s u r f a c e  d r a i n a g e  
w a t e r  o f  a 0 . 7  ha  p a s t u r e  a t  t h e  An imal  H u s b a n d r y  E x p e r i m e n t a l  U n i t ,  
H r i c k r o w ,  The West  o f  S c o t l a n d  A g r i c u l t u r a l  C o l l e g e ,  A u c h i n c r u i v e , 
A y r s h i r e ,  w e r e  f i r s t  m o n i t o r e d  i n  t h e  a b s e n c e  o f  r e c e n t  s l u r r y  
a p p l i c a t i o n  t o  t h e  l a n d .  P i g  e x c r e m e n t  was t h e n  a p p l i e d  t o  t h e  l a n d  
and t h e  e f f e c t  on  t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  t h e  w a t e r  
o b s e r v e d .  A f u r t h e r  i n v e s t i g a t i o n  o f  t h e  f a c t o r s  a f f e c t i n g  t h e  num bers  
o f  s o i l  b a c t e r i a  i n  d r a i n a g e  w a t e r  was made.  The n um bers  d i s c h a r g e d  
d u r i n g  a w i n t e r  w e re  a l s o  compared  w i t h  t h e  num bers  r e s i d e n t  i n  t h e  s o i l .
The d r a i n a g e  w a t e r  o f  two 2 0  ha  a r e a s  o f  l a n d  on  a  p i g  fa rm  i n  
W i g t o w n s h i r e  was a l s o  s t u d i e d .  T h e s e  r e s u l t s  were  t h e n . compared  w i t h  
t h o s e  o b t a i n e d  f r o m  t h e  e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w .
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P i g  e x c r e m e n t  n a t u r a l l y  i n f e e t e d  w i t h  a a l m o n e l l a e  Avas n o t  
r e a d i l y  a v a i l a b l e .  Because  of t h e  d a n g e r s  o f  t h e  s p r e a d  o f  i n f e c t i o n ,  
i t  was no I p r a c t i c a l  t o  a r t i f i c i a l l y  c o n t a m i n a t e  e x c r e i a ^ n t  w i t h  
b a c t e r i a l  p a t h o g e n s  i n  a s t o r a g e  t a n k  on a  f a r m . T h e r e f o r e ,  i t  was 
n o c o s s a r ^ '  to  a r t i f i c i a l l y  c o n t a m i n a t e  s am p lo s  o f  s a l m o n e l l a - f r e e  
e x c r e m e n t  w i t h  a s p e c i e s  o f  s a l m o n e l l a  and s t u d y  i t s  s u r v i v a l  i n  
c o n t a i n e r s  i n  t l i e  l a b o r a t o r y ,
A l t h o u g h  S a 1 mon e i 1 a cho 1 e r a - s u i s  i s  t h e  m o s t  common s a l m o n e l l a  
s e r o t y p e  a s s o c i a t e d  w i t h  p i g s ,  i t  i s  d i f f i c u l t  to  i s o l a t e  and i d e n t i f y  
from i n f  e c ( ed f a e c e s  ( F i e l d ,  1959 )  and i s  not  commonly t r a n s m i t t e d  
from p i g s  to o t h e r  a n i m a l s  o r  man. I t  i s  a l s o  a d a n g e r o u s  s e r o t y p e  
to h a n d l e  i n  t h e  l a b o r a t o r y .  t y p h i m u r i u m  and d u b 1 i n  a r e  b o t h
w i d e l y  d i s t r i b u t e d  i n  p i g s ,  and o t h e r  d o m e s t i c  a n i m a l s ,  and b o t h  
s e r o t y p e s  a r e  i m p o r t a n t  f o r  t h e i r  p u b l i c  h e a l t h  s i g n i f i c a n c e .  Bec a use  
o f  t h e  n a t u r e  o f  p i g  e x c r e m e n t ,  i t  i s  d i f f i c u l t  t o  g u a r a n t e e  n o t  t o  
s p i l l  i n f e c t e d  m a t e r i a l  when p r e p a r i n g  a  d i l u t i o n  a e r i e s ,  and e q u a l l y  
d i f f i c u l t  t o  p r e v e n t  t h e  r e l e a s e  o f  a e r o s o l s  f r om  an a e r o b i c  b i o l o g i c a l  
t r e a t m e n t  u n i t .  T h e r e f o r e ,  s i n c e  S .  d u b l i n  i s  t h e  l e s s  v i r u l e n t  o f  
t h e  two s e r o t y p e s  i t  was  c h o s e n  a s  t h e  t e s t  o r g a n i s m .
I n  a  s e r i e s  o f  f i v e  e x p e r i m e n t s ,  s a m p l e s  o f  p i g  e x c r e m e n t ,  
d i l u t e d  w i t h  t a p  w a t e r  t o  a  s e m i - l i q u i d  s l u r r y ,  w e r e  i n o c u l a t e d  w i t h  
a  c u l t u r e  o f  S .  d u b l i n . and s t o r e d  a t  c o n s t a n t  temjAeratu i ’e s  i n  t h e  
l a b o r a t o r y .  I n  e a c h  e x p e r i m e n t  t h e  numbers  o f  s u r v i v o r s  o f  S .  d u b l i n  
w e re  e s t i m a t e d  a t  i n t e r v a l s  d u r i n g  s t o r a g e .
The mixed  l i q u o r  o f  a  l a b o r a t o r y  t r e a t m e n t  u n i t ,  b e i n g  u s e d  i n  
a s t u d y  on t h e  e f f e c t s  o f  a e r o b i c  b i o l o g i c a l  t r e a t m e n t  o n  p i g  e x c r e m e n t ,  
was a l s o  i n o c u l a t e d  w i t h  a  c u l t u r e  o f  d u b l i n . The r a t e  o f  d e c l i n e  
o f  t h e  i n o c u l a t e d  c e l l s  was  m o n i t o r e d  an d  co m pared  w i t h  t h e  r a t e  o f  
d e c l i n e  of  E s c h e r i c h i a  c o l i .
K!A'r.FiUALS AND MlTi’HODS 
S o u r c e  o f  p i g  e x c r e m e n t
A l l  t h e  sam ji lea  o f  p i g  e x c r e m e n t  u s e d  in  t h e  l a b o r a t o r y  w e r e  
c o l l e c t e d  f r o m  a p i g  f a t t e n i n g  h o u s e  a t  t h e  Animal H u s b an d r y  
E x p e r i i i n n t a l  U n i t ,  l lrickroAV, The West  of  S c o t l a n d  A g r i c u l t u r a l  C o l l e g e ,  
A u c h i n c r u i v e .  A p l a s t i c  t r a y  w a s  s u s p e n d e d  b e l o w  t h e  s l a t t e d  f l o o r  
o f  one  o f  t h e  p e n s  f o r  24 to  48 h .  The pen  c o n t a i n e d  f r o m  one t o  
t e n  ] i i p s ,  e a ch  w e i g h i n g  30 t o  90 k g ,  and t h e y  had u n l i m i t e d  a c c e s s  
to f o o d  and Avater.  They  w e r e  f e d  on a  r a t i o n  o f  b a r l e y  m e a l ,
6 2 . 5  p e r  c e n t  ; f i n e  t h i r d s  ( w h e a t i n g s ) ,  25 p e r  c e n t ;  w h i t e  f i s h  m e a l ,
7 . 5  p e r  c e n t ;  and e x t r a c t e d  s o y a  b e a n  m e a l ,  5 p e r  c e n t .  T h i s  was 
s u p p l e m e n t e d  w i t h  a  v i t a m i n  an d  m i n e r a l  s u p p l e m e n t  ( E l s l e y  a t  ad , 1969)  
1 7 , 8  k g / t ; c o p p e r  s u l p h a t e ,  0 . 6 7  k g / t ; a n d  z i n c  s u l p h a t e ,  0 . 0 2  k g / t .
F a e c e s  and u r i n e ,  w h i c h  c o l l e c t e d  i n  t h e  t r a y ,  w e r e  t r a n s p o r t e d  
to t h e  l a b o r a t o r y  an d  d i l u t e d  w i t h  s u f f i c i e n t  t a p  w a t e r  to  fo r m  an  
e a s i l y  s t i r r e d  s l u r r y .  T h i s  s l u r r y  was t h o r o u g h l y  m ix ed  f o r  1 0  rain 
and t h e  s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  d e t e r m i n e d .  I t  Avas t h e n  
f u r t h e r  d i l u t e d  w i t h  an  a p p r o p r i a t e  vo lum e o f  t a p  w a t e r  t o  o b t a i n  a  
s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  o f  b e t w e e n  9 , 6  an d  6 8 , 3  g / l ,  d e p e n d i r g  
on  t h e  e x p e r i m e n t .  The f i n a l  s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  ivas t h e n  
d e t e r m i n e d .
The s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  was  d e t e r m i n e d  by f i l t r a t i o n  
t h r o u g h  g l a s s  f i b r e  f i l t e r s  (Whatman GF/a ) and  d r i e d  a t  105°C,  The 
c h e m i c a l  o x y g e n  demand (COD) was  a l s o  d e t e r m i n e d ,  u s i n g  s t a n d a r d  
m e th o d s  ( S t a n d a r d  M e th o d s  197 1)  and t h e  pH v a l u e  was m e a s u r e d . u s i n g  
a g l a s s  e l e c t r o d e .
FIGURE 1
D iagram  o f  a tAvo l i t r e  v e s s e l ,  f i t t e d  ivi t h  a p a d d l e ,  and b a f f l e s ,  
u s e d  f o r  t h e  a n a e r o b i c  s t o r a g e  o f  p i g  e x c r e m e n t  i n  t h e  








s t o r a g e  and garnp l ing  o f  p i g  e x c re m e n t  i n  t h e  l a b o r a t o r y
S am p le s  o f  p i g  e x c r e m e n t ,  d i l u t e d  w i t h  t a p  w a t e r  t o  a s e m i - l i q u i d  
s l u r r y ,  w e r e  s t o r e d  i n  c l o s e d  c o n t a i n e r s  i n  I,he d o r k  a t  c o n s t a n t  
temj;)er a t i n ’ e s . In m o s t  of  the  e x p e r i m e n t s  t h e  s l u r r y  was  o n l y  mixed  
a t  t h e  t im e  o f  t a k i n g  s u b - s a m p l e s  f o r  b a c t e r i o l o g i c a l  e x a m i n a t i o n  
and m e a s u r e m e n t  o f  pfl v a l u e .  The s t a t i c  s t o r a g e  c o n d i t i o n s  a l l o w e d  a 
c r u s t  t o  form on t h e  s u r f a c e  o f  t h e  s l u r r y ,  m a i n t a i n i n g  a n a e r o b i c  
c o n d i t i o n s  t h i u u g h o u t  m o s t  of t h e  aanij jle,  s i m i l a r  t o  t h o s e  fo u n d  i n  
a s t o r a g e  t an k  on a  f a r m .
Some s a m p l e s  w e re  s t o r e d  i n  2  1 p o l y p r o p y l e n e  c o n t a i n e r s .  T h e s e  
c o n t a i n e r s  had a s a m p l i n g  p o r t  i n  t h e  t o p  s e a l e d  w i t h  a  r u b b e r  b u ng .  
The p o r t  was  s u r r o u n d e d  by  a  s h o r t  l e n g t h  o f  p o l y p r o p y l e n e  t u b e ,  
w e ld e d  t o  t h e  t o p  o f  t h e  v e s s e l ,  f o r m i n g  a  s m a l l  r e s e r v o i r .  Any 
s p i l l a g e  o f  i n f e c t e d  m a t e r i a l ,  w h i l e  r emovi nK  s a m p l e s  f r om  t h e  v e s s e l ,  
was c o n t a i n e d  i n  t h i s  r e s e r v o i r  and co u ld  b e  t r e a t e d  w i t h  d i s i n f e c t a n t  
a f t e r  t h e  bung was  r e p l a c e d .  A s ec o n d  p o r t  i n  t h e  t o p  o f  t h e  v e s s e l  
was f i t t e d  w i t h  a c o t t o n  wool  f i l t e r  t o  a l l o w  f e r m e n t a t i o n  g a s e s  t o  
e s c a p e ,  l à i ch  v e s s e l  c o n t a i n e d  a p l a s t i c  c o a t e d  b a r  m a g n e t .  B e f o r e  
s a m p l i n g ,  t h e  c o n t e n t s  o f  t h e  v e s s e l  w e re  m ixed  on a  m a g n e t i c  s t i r r e r  
(s/ t iAG 30 ,  J e n c o n s  ( S c i e n t i f i c )  Co. L t d . ,  Mark l l oad ,  Ilemel H e m p s tea d ,  
H e r t s . )  f o r  f i v e  m i n u t e s  a t  t h e  f a s t e s t  s p e e d  p o s s i b l e  w i t h o u t  l o s i n g  
c o n t r o l  o f  t h e  m a g n e t .  T h i s  metho d o f  m i x in g  was o n l y  e f f e c t i v e  f o r  
s l u r r i e s  c o n t a i n i n g  l e s s  t h a n  55 g s u s p e n d e d  s o l i d s / l .  W i th  t h i c k e r  
s l u r r i e s  m e c h a n i c a l  m i x i n g  was  n e c e s s a r y .  Some v e s s e l s  were  t h e r e f o r e  
f i t t e d  w i t h  a  p a d d l e  and i n t e r n a l  b a f f l e s  ( F i g .  l ) .  The p a d d l e  was 
b o l t e d  o n t o  a s t a i n l e s s  s t e e l  s h a f t  w hi ch  p a s s e d  o u t  o f  t h e  v e s s e l  
t h r o u g h  a l i q u i d - s e a l e d  g l a n d .  The s l u r r y  c o u l d  t h e n  be  m ixed  a t  
200 rpm by a t t a c h i n g  t h e  s h a f t  t o  an  e l e c t r i c  m o t o r .  The s t i r r i n g  
g l a n d  was f i l l e d  w i t h  a  m i x t u r e  of  s u l p h u r i c  a c i d  and g l y c e r o l .
T h i s  s o l u t i o n  d i d  n o t  e v a p o r a t e  o r  s p l a s h  d u r i n g  m i x in g  and p r e v e n t e d
b a c t e r i a  e s c a p i n g  f r om  t h e  v e s s e l .  I n  e a c h  e x p e r i m e n t  t h e  s l u r r y  was
d i s p e n s e d  i n t o  two c o n t a i n e r s .  One c o n t a i n e r  was  i n o c u l a t e d  w i t h  a
c u l t u r e  o f  S a l m o n e l l a  d u b l i n  and t h e  o t h e r  l e f t  a s  a  c o n t r o l .  Each
v e s s e l  was  r e m oved  f r o m  t h e  i n c u b a t o r  a t  i n t e r v a l s ,  t h e  c o n t e n t s
3t h o r o u g h l y  m ix ed  a n d  s a m p l e s  o f  10 cm r e m o v e d .  The Mos t  P r o b a b l e  
Number (MPN) o f  s a l r a o n e l l a e  i n  e a c h  sanqi le was t h e n  e s t i m a t e d .  To 
a v o i d  p o s s i b l e  c o n t a m i n a t i o n  o f  t h e  pH p r o b e ,  and r e l e a s e  o f  s a l r a o n e l l a e  
i n t o  t h e  a t m o s p h e r e ,  t h e  pH v a l u e  o f  t h e  c o n t r o l  sam p le  o n l y  was 
m e a s u r e d .
I n  one  e x p e r i m e n t  t h e  pH v a l u e  of t h e  e x c r e m e n t  was m o n i t o r e d
c o n t i n u o u s l y  d u r i n g  s t o r a g e .  The s l u r r y  was  s t o r e d  i n  a  t h r e e  l i t r e
B i o t e c  f e r m e n t e r  v e s s e l  (LKB H o u s e ,  232 A d d i n g t o n  Hoad,  S o u th  Cro ydon ,
S u r r e y )  f i t t e d  w i t h  a  c e n t r a l  p a d d l e ,  d r i v e n  a t  2 0 0  rpm t h r o u g h  a
m a g n e t i c  c o u p l i n g  by an  e l e c t r i c  m o t o r .  To a c h i e v e  a d e q u a t e  m i x in g
a t  t h i s  low s p e e d ,  a  l a r g e r  p o l y p r o p y l e n e  i m p e l l e r  was  a t t a c h e d  t o
th e  s h a f t ,  A f e r m e n t a t i o n  l o c k  was f i t t e d  t o  a  p o r t  i n  i h e  t o p  o f
t h e  v e s s e l .  The pH v a l u e  was m e a s u r e d  by an  a u t o c l a v a b l e  g l a s s
e l e c t r o d e  ( A c t i v i o n  L t d . ,  K i n g l a s s i e ,  S c o t l a n d ) ,  c o u p l e d  by a pH m e t e r
t o  a  p o t o n t i o m e t r i c  c h a r t  r e c o r d e r .  The t e m p e r a t u r e  o f  t h e  v e s s e l
was c o n t r o l l e d  a t  15^C. S am ples  o f  s l u r r y  wor e  o b t a i n e d  f rom  a p o r t
i n  t h e  b o t t o m  of  t h e  v e s s e l ,  t h r o u g h  a  s t a i n l e s s  s t e e l  sainj>ling hood.
B e f o r e  s a m n l i n g ,  t h e  t u b e  was c l e a r e d  by b l o w i n g  o x y g e n - f r e e  n i t r o g e n
q
b a c k  t h r o u g h  t h e  t u b e  i n t o  t h e  v e s s e l *  A s am p le  o f  1 0  cm o f  s l u r r y
was  removed  a t  t h e  s t a r t  of  t h e  e x p e r i m e n t  and t h e  MPN of  s a l r a o n e l l a e
e s t i m a i  e d . The s l u r r y ' w a s  t h e n  i n o c u l a t e d  w i t h  a b r o t h  c u l t u r e  o f
3S.  d u b l i n . Sam ples  o f  10 cm' o f  t h e  c o n tarai n a t e d  s l u r r y  w e r e  removed 
a t  t h r e e  o r  f o u r  d a v  i n t e r v a l s  and t h e  MPN o f  S .  d u b l i n  e s t i m a t e d .
JGIJHE 9
The p r i n c i p a l  c o m p o n en t s  o f  t b c  l a l w r n t o r A '  a e r o b i c  b i o l o g i c a l  
t r e a t m e n t  u n i t .
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Tn t î io  I n t e r  t!X))eri meri t s  s m a l l  o r  s a m p l e s  o f  s l u r r y ,  2 0  cm' w e r e  
s t o r e d  i n  u n i v e r s a l  b o t t l e s .  ' t h e s e  t o t  t l  os  we r e  s e a l e d  w i t h  p l a s t i c  
F e r m e n t a t i o n  loe l \ s  ( h o o t s  Co „ L t d . )  wl i ich were f i l l e d  w i t h  an  i o d o p h o r  
d i s i n f e c t a n t , .  b e f o r e  s a m p l i n g  t h e  s l u r r y ,  t ln '  f e r m e n t a t i o n  l o c h s  
we re  r e p l a c e d  w i t h  s c rew  c a p s ,  so t h a t  t h e  c o n t e n t , s  c o u l d  he  t h o r o u g h l y  
m ix e d .  Tn t h e s e  e x p e r i m e n t s  t h e  s l u r r y  was d i v i d e d  i n t o  two s a m p l e s ,  
one o f w h ich  was i n o c u l a t e d  w i t h  d u b l  i n . Each samj)le was t h e n  
d i s t r i b u t e d  i n t o  a 2  1 c o n t a i n e r  and a  number  o f  u n i v e r s a l  b o t t l e s .
Two o f  t h e  u n i v e r s a l  b o t t l e s  c o n t a i n i n g  c o n t a m i n a t e d  s l i u ' r v  w e re  
r e im v e d  a t  i n t e r v a l s  o f  3 o r  4 d a y s  and two o f  t h e  c o n t r o l  s a m p le s  
a t  i n t e r v a l s  o f  7 d a y s .  The NTPN o f  s a l m o n e l l a e  in  e a c h  s am p le  was 
e s t i m a t e d  and t h e  pll v a l u e  o f  t h e  c o n t r o l  s a m p l e s  was  m e a s u r e d .  The 
in-’N o f  s a l m o n e l l a e  and pH v a l u e s  o f  t h e  s l u r r y  i n  t h e  l a r g e r  c o n t a i n e r s  
w e re  e s t i m a t e d  o n l y  a t  m o n t h l y  i n t e r v a l s .
The a e r o b i c  b i o l o g i c a l  t r e a t m e n t  s y s t em
The l a b o r a t o r y  t r e a t m e n t  u n i t  ( F i g .  2  an d  F i g .  3) w as  an  a e r a t i o n  
v e s s e l  s u p p l i e d  s e m i - c o n t i n u o u s l y w i t h  a  s u s p e n s i o n  o f  p i g  e x c r e m e n t .  
The vo lum e o f  mixed l i q u o r  i n  t h e  a e r a t i o n  v e s s e l  was  k e p t  c o n s t a n t  
by t h e  s e p a r a t e  r e m o v a l  o f  a  l i q u i d  e f f l u e n t  and a s o l i d  e f f l u e n t .
F r e s h  p i g  e x c r e m e n t  was  c o l l e c t e d  t w i c e  w e e k l y  f r o m  t h e  p i g  
f a t t e n i n g  h o u s e  and t r a n s p o r t e d  t o  t h e  l a b o r a t o r y .  I t  was t h e n  d i l u t e d  
w i t h  a n  a p p r o p r i a t e  volume o f  t a p  w a t e r  t o  a s u s p e n s i o n  c o n t a i n i n g  
2 0  g s u s p e n d e d  s o l i d s / l .
The d i l u t e  s l u r r y  was  f e d  s e m i - c o n t i n u o u s l y  t o  t h e  a e r a t i o n  
v e s s e l ,  u s i n g  t h e  s y s t e m  d e s c r i b e d  b y  Owens and Ev ans  ( l P 7 2 ) .  The 
a e r a t i o n  v e s s e l  was a  Bio t e c  l a b o r a t o r y  f e r m e n t e r ,  f i t t e d  w i t h  p o r t s  
i n  the  top  and b o t t o m ,  and had a w o rk i n g  vol um e o f  15 1 .  The s t i r r i n g  
r a t e  o f  t h e  f e r m e n t e r  c o n t e n t s  was c o n t r o l l e d  by a  v a r i a b l e  s p e e d
m o to r  c o u p l e d  m a g n e t i c a l l y  to  a c e n t r a l  p a d d l e  i n s i d e  t h e  v e s s e l .
To a l l o w  f l o e  f o r m a t i o n  t h e  s t i r r i n g  r a t e  was k e p t  a s  low a s  was  
c o n s i s t e n t  w i t h  good m i x i n g  and a e r a t i o n .  T h i s  was a c h i e v e d  by 
a t t a c h i n g  e x t r a  l a r g e  i m p e l l e r s  t o  t h e  s t i r r i n g  s h a f t .  The l a r g e  
i m p e l l e r s  c o n s i s t e d  o f  f o u r  p o l y p r o p y l e n e  b l a d e s ,  a p p r o x i m a t e l y  5 cm 
s q u a r e ,  w e ld e d  onix) a  s h o r t  l e n g t h  o f  p o l y p r o p y l e n e  t u b i n g  a t  a  
s l i g h t  a n g l e  t o  t h e  v e r t i c a l .  Two l a r g e  i m p e l l e r s  were p u s h e d  o n t o  
t h e  i m p e l l e r  s h a f t  and c l a m p e d  t o  t h e  e x i s t i n g  s t a i n l e s s  s i  e e l  
i m p e l l e r s .  S t i r r i n g  r a t e s  of  70 t o  100 rpm g a v e  good m i x in g  of  t h e  
f e r m e n t e r  c o n t e n t s .  The t e m p e r a t u r e  of  t h e  mixed l i q u o r  was k e p t  
c o n s t a n t *  A e r a t i o n  was  e f f e c t e d  b y  a s i n t e r e d  s t e e l  s p a r g e r  t h r o u g h  
w h i c h  a i r  was pimiped a t  t h e  r a t e  o f  1 , 5  l / m i n  and t h i s  m a i n t a i n e d  
an ox y g en  t e n s i o n  i n  e x c e s s  o f  150 rain Ilg* The ox ygen  t e n s i o n  o f  the  
mixed l i q u o r  was  c o n t i n u o u s l y  r e c o r d e d  u s i n g  an oxygen  e l e c t r o d e  
and n p o t e n t i o m e t r i e  c h a r t  r e c o r d e r .  The pii v a l u e  o f  Idie mixed 
l i q u o i '  was a l s o  r e c o r d e d  on t l ie  c h a r t  r e c o r d e r  and p i ' o v i s i o n  was 
made f o r  c o n t r o l l i n g  t h e  pit v a l u e  when r e q u i r e d .
Li q u i d  e f f l u e n t  was  a l l o w e d  t o  o v e r f l o w  from a c l a r i f i e r  s v s t e m  
a t t a c h e d  t o  the  a e r a t i o n  v e s s e l  i n t o  a  c o l l e c t  i o n  r e s e r v e  i r . Tlie 
c l a r i f i e r  s y s t e m  c o n s i s t e d  o f  on i n t e r n a l  and e x t e r n a l  s e t t l i n g  
ch a mber .  The i n t e r n a l  chamber  was a g l a s s  t u b e ,  o f  30 mm b o r e ,  w h ich  
r e s t e d  on t h e  b o t t o m  o f  t h e  a e r a t i o n  v e s s e l  f o r  pai" ( o f  i t s  c i r c u m f e r e n c e  
Most  o f  t h e  s o l i d s  o f  t h e  mixed  l i q u o r  which e n t e r e d  t i n s  chamber  
s e t t l e d  t o  Ih.c b o t t o m  and a u t o m a t i c a l l y  r e t u r n e d  to t h e  a e r a t i o n  
v e s s e l .  t 'he p a r t i a l l y - c l a r i f i e d  l i q u i d  in t h e  u p p e r  ;, a r t  o f  t h e  
i n t e r n a l  s e t !  l i n g  chainber o v e r f l o w e d  i n t o  th e  e x t e r n a l  ch am b e r .
T h i s  c o n s i s t e d  o f  an i n v e r t e d  Er lenmeye. r  f 1 a s k , f i M ed w i i h  an  i n l e t  
t u b e  f o r  t h e  p a r t i o . l l y - c l a r i f  i ed l i q u i d  j u s t  above  th e  b a s e  o f  t h e  
v e s s e l ,  a r e t u r n  t u b e  fo i ’ s e t t l e d  s o l i d s  at: t i u '  b a s e  and a t u b e  
n e a r  t h e  to p  f o r  t h e  c l a r i f i e d  l i q u i d  to  o v e r f l o w  i n t o  a col  1 ( ct  ion
r e s e r v o i r .  The s e t t l e d  s o l i d s  w e re  r e t u r n e d  t o  t h e  t o p  o f  t h e  
i n t e r n a l  s e t t l i n g  cha mbe r  c o n t i n u o u s l y  by  an a i r  l i f t  pump.
The s o l i d  e f f l u e n t  s e p a r a t i o n  o r  d e s l u d g . i n g  s y s t e m  c o n s i s t e d  
o f  a v e s s e l  i n t o  w h i c h  m ixed l i q u o r  was pumped a t  p r e d e t e r m i n e d  
i n t e r v a l s .  An o v e r f l o w  t u b e  was  f i t t e d  t o  t h e  d e s l u d g i n g  v e s s e l ,  
a t  t h e  2  1  l e v e l ,  t o  r e t u r n  e x c e s s  mixed l i q u o r  t o  t h e  a e r a t i o n  
ch a m b e r .  The m ix ed  l i q u o r  i n  t h e  d e s l u d g i n g  v e s s e l  was  a l l o w e d  t o  
s e t t l e  f o r  one h o u r .  A f t e r  s e t t l i n g  t h e  s u p e r n a t a n t  was pumped bac k  
i n t o  t h e  a e r a t i o n  v e s s e l  and t h e  s e t t l e d  s l u d g e  was  pumped f rom t h e  
b o t t o m  o f  t h e  d e s l u d g i n g  v e s s e l  i n t o  a s o l i d  e f f l u e n t  c o l l e c t i o n  
r e s e r v o i r .  The i n t e r \ ’‘a l s  b e t w e e n  d e s l u d g i n g  c o u l d  be a d j u s t e d  from 
2  t o  26 h .  The c i r c u i t r y  fo r  t h e  p r o c e s s  t i m e r s  and pump o p e r a t i o n  
was  s i m i l a r  In p r i n c i p a l  t o  t h a t  d e s c r i b e d  by Owens and Evans  ( 1 9 7 2 ) ,
f o r  t h e  f e e d e r  c o n t r o l l e r .
Tlie a i r  s p a c e s  above  t h e  mixed  l i q u o r ,  t h e  e x t e r n a ]  s e t t l i n g  
ch a m b e r ,  the  d e s l u d g i n g  v e s s e l  and t h e  two e f f l u e n t  c o l l e c t i o n
r e s e r v o i r s  w e re  i n t e r c o n n e c t e d  by a s e r i e s  o f  t u b e s .  Tl i i s  m a i n t a i n e d
an e q u a l  p r e s s u r e  above a l l  t h e  l i q u i d  l e v e l s .  A c o o l e d  c o n d iu i s e r  
r e t u r n e d  m o i s t u r e  f rom t h i s  a i r  s y s t e m  to  (he  mixed  l i q u o r ,  and e x c e s s  
g a s e s  w e re  r e l e a s e d  t o  t h e  a t m o s p h e r e  o f  t l ie l a b o r a t o r y  t l i r o u g h  a 
Bio t e c  a i r  f i l t e r ,  w h i c h  had a p o r e  s i z e  of  0 . 3  yum,
When So Imoncl  l a  d u b l  i n  was ad d e d  t o  t h e  mixed l i q u o r ,  t.ho d e s l u d a i n g  
v e s s e l  was r e p l a c e d  by a 2  1 m e a s u r i n g  c y l i n d e r  and t h e  t r e a t m e n t  u n i t  
was d e s ’ udged  m a n u a l l y .  Each day 2 1 o f  mixed  l i q u o r  were'  pumped
3
i n  in tlie m e o s u r i m r  c y l i n d e r .  A f t e r  s e t t l i n g  f o r  one  h o u r ,  800 cm 
o f  t h e  s u p e r n a t a n t  ' we r e  r e t u r n e d  t o  t h e  a e r a t i o n  I ' c s s i ' l  . The 
r e m a i n i n g  samp-le i n  t h e  m e a s u r i n g  c y l i n d e r  was d i v i d e d  i n t o  s u p e r n a t a n t  
and s l u d g e  f r a c t i o n s .  Both f r a c t i o n s  were  t lien s u b - sa m p  I ed f o r  
m i c r o b i a l  e x a m i n a t i o n .  The r e m a i n d e r  o f  ea c h  sa r rp l e  was  p a s t e u r i s e d  
a t  80^0 f o r  30 mi n b e f o r e  b e i n g  oli em i c a l  Ï y e x a m in e d .
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A p a r t  f rom t h e  m o n i t o r i n g  o f  t h e  pll v a l u e  and t h e  oxygon  t e n s i o n  
o f  t h e  mixed l i q u o r ,  s a m p l e s  o f  f e e d ,  m ix ed  l i q u o r ,  l i q u i d  and s o l i d  
e f f l u e n t s ,  w e r e  a n a l y s e d  c h e m i c a l l y .  The c o n c e n t r a i  i o n s  o f  s u s p e n d e d  
s o l i d s ,  t o t a l  s o l i d s ,  v o l a t i l e  s o l i d s ,  a s h ,  and ch e m ic a l  o x y g e n  demand 
w e re  d e t e r m i n e d  by s t a n d a r d  m e th o d s  ( S t a n d a r d  M ethods  1 9 7 1 ) .  B i o c h e m i c a l  
o x y g e n  demand (BOD) was  d e t e r m i n e d  e i t l i e r  by t h e  s t a i d  a r d  m e th o d ,  
u s i n g  a  d i s s o l v e d  o x y g e n  m e t e r  to  m e a s u r e  d i s s o l v e d  ox y g en  c o n c e n t r a t i o n s ,  
o r  by  s t a n d a r d  m a n o m e t r i c  t e c h n i q u e s  u s i n g  a W a rb u rg  r e s p i r o m e t e r .
I n  e i t h e r  c a s e  t h e  s a m p l e s  w e re  s e e d e d  w i t h  s e t t l e d  m ixed  l i q u o r  f rom 
t h e  t r e a t m e n t  u n i t .  From t h e s e  m e a s u r e m e n t s  t h e  BOD l o a d i n g  r a t e  
and i t s  r e l a t i o n s h i p  t o  s o l i d s  l o a d i n g  r a t e , and t h e  s o l i d s  r e s i d e n c e  
t i m e  i n  t h e  a e r a t i o n  chamber  w e r e  c a l c u l a t e d .
I n o c u l a t i o n  o f  s l u r r y  and t h e  a e r o b i c  t r e a t m e n t  s y s t e m ,  w i t h  
S a l r o o n e l 1 a d u b l i n
I n  e a c h  e x p o r i  nient a n u t r i e n t  b r o t h  (O x o i d )  c u l t u r e  o f  S. dub l  i n
was  grown o v e r n i g h t  a t  37°C i n  an o r b i t a l  i n c u b a t o r .  As sum ing a
9 3c o n c e n t r a t i o n  o f  d u b l i n  i n  t h e  b r o t h  of  1 0  v i a b l e  u n i t s  p e r  cm ,
t h e  v o lum e  o f  b r o t h  c u l t u r e  u s e d  t o  i n o c u l a t e  samp 1 e s  o f  s l u r r y  aruî
t h e  c o n t e n t s  o f  t h e  a e r a t i o n  v e s s e l  was t ! e n  c h o s e n  to  g i v e  a
c o n c e n t r a t i o n  o f  d u b l i n  i n  s u s p e n s i o n ,  o t  t h e  s t a r t  of  e a ch
7 3e x p e r i m e n t ,  o f  1 0  v i a b l e  u n i t s  p e r  cm* . At  t h e  same t ime a s u r f a c e
s p r e a d  p l a t e  c o u n t  of d u b l i n  i n  t h e  b r o t h  was e s t i m a t e d ,  so t h a t
t h e  i n i t i a l  c o n c e n t r a t i o n  o f  v i a b l e  c e l l s  i n  the  i n o c u I  a t  ed s u s p e n s i o n
c 0  u 1d b e  c a 1c u 1a t e d .
E s t i m a t i o n  o f  t h e  itPN o f  s a l m o n e l l a e  and E s c h e r i c h i a  c o l i  in  s l u r r y
S a l m o n e l l a e . The s l u r r y  r e s e r v o i r s  w e r e  removed f r o m  t h e  i n c n h a t o r
3
a t  i n t e r v a l s  d u r i n g  s t o r a g e ,  mixed t h o r o u g h l y  and 1 0  cni t r a n s  f e r r e d , 
u s i n g  a  w i d e  b o r e  (9  mm) p i p e t t e ,  t o  90 cm^ m i n e r a l  s a i l s  d i l u e n t  
(Owens and K e d d i e ,  1 9 6 9 ) .  W i t h  s u f ' f i c i e n t p r a c t i c e  and s p e e d ,  i t  was 
p o s s i b l e  t o  remove a  r e p r e s e n t a t i v e  sample  of t h e  s u s p e n s i o n  c o n t a i n i n g  
b o t h  s o l i d s  an d  l i q u i d .  T h i s  i n i t i a l  d i l u t i o n  was s h a k e n  t h o r o u g h l y  
and a s e r i e s  of  d i l u t i o n s  p r e p a r e d .  I n  t h e  e a r l i e r  e x p e r i m e n t s  a
t e n - f o l d  d i l u t i o n  s e r i e s  was  p r e p a r e d ,  t r a n s f e r r i n g  1 cm' o f  e a c h
3 3p r e c e d i n g  d i l u t i o n  to  9 cm d i l u e n t .  E-ra i l  1 cm' d i s p o s a l  p i p e t t e s
(J a m e s  A. J o b l i n p  & Co, L t d . ,  S t o n e ,  S t a f f o r d s h i r e )  w e re  u s e d  f o r
t h e s e  t r a n s f e r s  an d  t h e  t u b e s  were  mixed b e tw e e n  eacl i  s t a g e  on a
W h i r l  im ix  ( I ' i a o n s  S c i e n t i f i c  A p p a r a t u s  L t d . ,  Hi shop Meadow Road,
L o u g h b o ro u g h ,  L e i c e s t e r s h i r e ) .  A g a in  c a r e  was t a k e n  n o i  to l e a v e
a l l  the  s o l i d s  i n  t h e  f i r s t  s t a g e  of  t h e  s e r i e s .
In  tile l a t e r  e x p e r i m e n t s  a t w o - f o l d  d i l u t i o n  s c r i e s  o f  i.ho i n i t i a l
3d e c im a l  d i l u t i o n  was  u s e d .  5 cm o f  each  p r e c e d i n g  d i l u t i o n  was
3 3t r a n s f e r r e d  to 5 era' d i l u e n t  u s i n g  5 era b l o w - o u t  p i p e  t i e s .
The d i l u t i o n s  w e re  u s e d  to  i n o c u l a t e  t u b e s  o f  t e t r n i  h io n a t . c
e n r i  chraent  b r o t h  ( O x o id )  p l u s  2 p e r  c e n t  o f  an i o d i n e  s o l u i . i o n .  In
th e  e a r l i e r  e s t i  ma l i o n s  tlie i o d i n e  s o l u t i o n  was composed o !' 30 g
3i o d i n e ,  25 g p o t a s s i u m  i o d i d e  d i s s o l v e d  in 1 Of) era d i s t i l l e d  w a t e r .
3L a t e r  t h e  i o d i n e  c o n c e n t r a t i o n  was  r e d u c e d  t o  2 0  g p e r  100 cm o f
3 3t h e  s o l u t i o n .  1 0  era' o f  e n r i c h m e n t  b r o t h  was i n o c u l a i . ed w i t h  1 cm
0 1 ' t l io d i  l u i . i o n s .  F i v e  t u b e s  o f  e n r i  ciimen I b r o t h  we re  i n o c u l a t e d
fr o m  e a c h  d i l u t i o n  o f  t h e  t e n - f o l d  s e r i e s  and f o u r  t u b e s  o f  e n r ic h rae n t
hro  t h  wei’c i n o c u l a  i.(?d from ea ch  d i l u t i o n  o 1' th  r  I wo -  fo 1 d s e r i e s .
The i n o c u l a t e d  b r o t h s  were  i n c u b a t e d  a t  37^0  f o r  4R h .
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A f t e r  i n c u b a t i o n  t h e  e n r i c h m e n t  b r o t h s  w e re  ex a m in e d  f o r  
s u p p o r t i n g  t h e  g r o w t h  o f  S a l m o n e l l a  d u b l i n . In  t h e  e a r l i e r  e x p e r i m e n t s  
t h i s  was done by  p l a t i n g  a  l o o p f u l  f r o m  e a c h  e n r i  ohme n t  b r o t h  o n t o  
b r i l l i a n t  g r e e n  a g a r  ( O x o id )  a n d  by m i c r o s c o p i c  e x a m i n a t i o n  u s i n g  
a  f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e .  T h i s  t e c h n i q u e  was I n t e r  abandoned  
and a l o o p f u l  o f  e n r i c h m e n t  b r o t h  was  p l a t e d  o n t o  m o d i f i e d  b i s m u t h  
s u l p h i t e  a g a r  (WcCoy, 1 9 6 9 ) ,  a s  w e l l  a s  b r i l l i a n t  g r e e n  a g a r .
The p l a t e s  o f  b r i l l i a n t  g r e e n  a g a r  and m o d i f i e d  l i i s m u t h  s u l p h i t e  
a g a r  w e re  i n c u b a t e d  a t  37^C f o r  48 h .  C o l o n i e s  w e re  c o n f i r m e d  a s  
S ,  d u b l i n  by s u b - c u l t u r e  o n to  t r i p l e  s u g a r  i r o n  a g a r  ( O x o i d ) and 
b e c a u s e  a l l  t h e  c o n t r o l  p l a t e s  w e r e  n e g a t i v e .
The f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e  u s e d  was tlia t  o f  S i l l i k e r ,
Scl imall  and Ch iu  ( l 9 6 6 ) ,  B r a i n  h e a r t  i n f u s i o n  b r o t h  ( D i f c o )  was 
i n o c u l a t e d  f rom  t h e  e n r i c h m e n t  c u l t u r e s  and i n c u b a t e d  a t  3T'^C f o r  
16 h.  T h o s e  c u l t u r e s  w e re  t h e n  f o r m a l i s e d  and a l o o p f u l  o f  e a c h  
sm eared  on a m i c r o s c o p e  s l i d e .  The s l i d e s  w e re  a i r - d r i e d ,  f i x e d  
i n  a c e t o n e  f o r  f i v e  m i n u l e s  and  s t a i n e d  w i t h  f l u o  r e s c e , m - l a b e l l  ed 
P h a s e  T ( s p e c i f i c )  gP-H d u b l i n  a n t i  serum (Wel lcome R e s e a r c h  
La hor  a to r i e s ,  > -'O c k e n h am , K e n t ) .
The \fl’K o f d u b l i n  i n  t h e  c o n t a m i n a t e d  s l u r r y  was o a l c u l a f o d  
f rom t h e  number  o f  p o s i t i v e  t u b e s  o f  e n r i c h m e n t  b r o t h .  I’o r  t h e  t e n - f o l d  
d i l u t . i o n  s e r i e s ,  t h i s  was  c a l c u l a t e d  a f t e r  r e f e r e n c e  to A p p e n d ix  C,
The B a c t e r i o l o g i c a l  lib: ami n a t i o n  o f  W a te r  S u p p l i e s  ( M i n i s t r y  o f  h e a l t h  
and S o c i î i l  Se e r r  it: y , 1 9 6 9 ) .  F o r  t h e  t w o - f o l d  d i l u t i o n s  t h e  MPF was 
c a l c u l a t e d  a f t e r  r e f e r e n c e  to  t a b l e  VITT,^, h i  she  r  and V a le s  ( 1 9 5 3 ) ,
The 95 j}ci’ c e n t  c o n f i d e n c e  l i m i t s  f o r  e a c h  coun t  w e re  c a l c u l a t e d  
f rom t ,a t ) le  6 . 5 ,  M ay ne l l  and M a y n e l l  ( 1 9 6 5 ) ,  g i v i n g  f a c t o r s  o f  3 . 3 0  
f o r  t l i e  t e n - f o l d  d i l u t . i o n  s e r i e s  and 2 . 0 0  f o r  t h e  I w e - f o  1 d d i l u t i o n  s e i ’ir-s
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E s c h e r i c h i a  c o l l . To o b t a i n  t h e  num ber s  o f  E.  c o l i  f e d  i n t o  t h e
3
a e r o b i c  t r eo fc inen t  u n i t ,  1 0  cm s a m p l e s  o f  s l u r r y  were  removed from
t h e  f e e d  r e s e r v o i r *  A t e n - f o l d  d i l u t i o n  s e r i e s  o f  t h e  s l u r r y  was
p r e p a r e d  i n  a  s i m i l a r  m an n e r  t o  t h a t  a l r e a d y  d e s c r i b e d  f o r  t h e  S .  d u b l i n
3c o u n t s .  F i v e  t u b e s  o f  5 cm' MacConkey b r o t h  w e r e  t h e n  i n o c u l a t e d  w i t h  
31 cm o f  e a c h  d i l u t i o n .  The s u r f a c e s  o f  v i o l e t  r e d  b i l e  o g a r  p l a t e s
3
( O x o i d )  we re  t h e n  i n o c u l a t e d  w i t h  0 , 1  cm o f  e a ch  d i l u t i o n  and t h e s e  
p i n t e s  we re  o v e r l a i d  w i t h  a f u r t h e r  l a y e r  o f  VRBA, The i u b e s  and 
p l a t e s  w e r e  i n c u b a t e d  a t  37^C* A f t e r  24 h t h e  number  o f  c o l o n i e s  
on e a c h  p l a t e  were  c o u n t e d .  The p o s i t i v e  t u b e s  o f  MacUonkey b r o t h  
w e re  sul)—c u l t u r e d  to f r e s h  t u b e s  o f  t h e  same medium and w e re  i n c u b a t e d  
a t  4 4 ^C f o r  24 h.  The c u l t u r e s  o b t a i n e d  a t  44^C w e re  l a t e r  c o n f i r m e d  
a s  E,  c o l i  by I W i C  t e s t s .
E s t i  n a t i o n  o f  t h e  nuraliers o f  E s c h e r i  chi  a  c o l  i and Sal  monel  I a d u b l i n  
i n  t h e  a e r o b i c  mixed l i q u o r
The n um bers  o f  E* c o l i  were  e s t i m a t e d  i n  e i t h e r  t i i e  mixed  1 i q u o r ,
o r  i n  t h e  s e t t l e d  s l u d g e  and s u p e r n a t a n t  o f  t h e  mixed l i q u o r .  The
l a t t e r  s a m p l e s  were  ob( -a ined  by r e m o v in g  a sample  o f  mixed l i q u o r ,
u s u a l l y  1 0 0  cm' , f rom t h e  a e r a t i o n  v e s s e l  and a l 1 owi ng i l  to s e t t l e
foi '  one h o u r .  The s u p e r n a t a n t  was  I hen d e c a n t e d  i n t o  a s e p a r a t e
c o n t a i n e r .  The numbers  o f  S<. d u b l i n  su rv ^ iv ing  in  t h e  a e r a t i o n  v e s s e l
w e r e  e s t i m a t e d  i n  s a m p l e s  o f  s e t t l e d  s l u d g e  and s u p e r n a t a n t .
I n  t h e  e a r l i e r  e s t i m a t i o n s  of t h e  niunbers o f  K, co 1 i i n  the  
3a e r a t i o n  \ e s s e l , 2 0  cm' o f  t h e  mixed l i q u o r ,  o r  s e i . t  l e d  s l u d g e ,  w e re
3t r a n s f e r r  ed w i t h  a wi de b o r e  (9  mm)' p i p e t t e  to  180 cm c o o l e d  m i n e r a l  
s a l t s  d i l u e n t *  T h i s  s u s p e n s i o n  was t h e n  b l e n d e d  in  an Atomix b l e n d e r  
(MSE L t d . ,  Buckingham t ' a t e ,  London SV/1 ) a t  f u l l  s p e e d  f o r  2 min*
A t e n - f o l d  d i l u l i o n  s e r i e s  o f  t h e  b l e n d e d  s n s n e n s i  on was p r e p a r e d  
and u s e d  a s  b e f o r e  to e s t i n a t e  t h e  numbers  o f  E,  c o l i .
3
I n  t h e  l a t e r  E .  c o l i  and S. d u h l i n  c o u n t s ,  20 cm' o f  u n d i l u t e d  
mixed l i q u o r ,  o r  s e t t l e d  s l u d g e ,  w e re  b l e n d e d  on  a  V i r t i s  *4 5 ’ 
h o m o g e n i s e r  ( s u p p l i e d  by Cenco I n s t r u r a o n t e n  Ni j  n .  v . ,  P .O .  Box 336,  
K o n i j n e n b e r g , 40 C r e d a ,  N e t h e r l a n d s )  a t  minimum s p e e d  f o r  2  m in .
The j a r  c o n t a i n i n g  t h e  sam ple  was  s u r r o u n d e d  w i t h  i c e d  wnte i -  d u r i n g
3
b l e n d i n g .  A f t e r  b l e n d i n g ^ l O  cm' o f  t h e  s u s p e n s i o n  was  t r m s  f o r  red
3
w i t h  a  w i d e  b o r e  p i p e t t e  t o  90 cm' m i n e r a l  s a l t s  d i l u e n t .  A t e n - f o l d ,  
o r  a t w o - f o l d ,  d i l u t i o n  s e r i e s  of  t h i s  i n i t i a l  d i l u t i o n  was th e n  
p r e p a r e d  and t h e  num bers  o f  E.  c o l i  and S.  d u b l i n  e s t i m a t e d  a s  b e f o r e .
TABLE 1
The c o n c e n t r a t i o n  o f  S a l m o n e l l a  d u b l i n  i n  v a r i o u s  e n r i c h m e n t  b r o t h s  
a f t e r  i n c u b a t i o n  a t  37^C f o r  24 h and c o u n t e d  by  a p l a t e  c o u n t  on
n u t r i e n t  o y a r  and b r i l l i a n t  g r e e n  a g a r .
TABÏE 1
................................. —  — ........ " 1
E n r i c h m e n t  B r o t h
- ..........—
Number o f  S ,  d u b l i n / c m ^  1 
N u t r i e n t  a g a r  B r i l l i a n t  B ree n  a g a r
M a m i i t o l  s e l e n i t e  b r o t h  
( O x o i d )
7 . 8  X 10® 2 . 0  X 1 0 ®
T e t r a t h i o n a t e  b r o t h  
(O x o id )
5 . 0  X 10® 2 . 0  X 1 0 ®
T e t r a t h i o n a t e  b r o t h  B 
( R o l f e ,  1946)
2 . 0  X 1 0 ^ 2 . 0  X 1 0 ^
Mg C L ^ / M a l a c h i t e  g r e e n  
( R a p p o r t ,  195 6)
9 . 0  X 10® 0
N u t r i e n t  b r o t h  No. 2 
( O x o id )
1 , 0  X 1 0 ^ 6 . 5  X 10®
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EVALUATION OF METHODS 
The i s o l a t i o n  and e n u m e r a t i o n  o f  S a l m o n e l l a  d u b l i n
Numerous  e n r i c h m e n t  b r o t h s  and s e l e c t i v e  m e d i a  a r e  recommended 
f o r  t h e  i s o l a t i o n  and e n u m e r a t i o n  o f  s a l m o n e l l a e  f r om  d i f f e r e n t  s o u r c e s .  
Due t o  t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  v a r i o u s  s a l m o n e l l a  s e r o t y p e s ,  
two o r  more  e n r i c h m e n t  b r o t h s  and s e l e c t i v e  m e d i a ,  and a r a n g e  o f  
i n c u b a t i o n  t i m e s ,  a r e  g e n e r a l l y  u s e d  t o  d e t e c t  a l l  t h e  s a l r a o n e l l a e  
p r e s e n t .  I n  t h e s e  s t u d i e s  o n l y  S a l m o n e l l a  d u b l i n  was b e i n g  o b s e r v e d ,  
t h e r e f o r e  i t  was  p o s s i b l e  t o  s e l e c t  one  e n r i c h m e n t  b ro  tli and one 
i n c u b a t i o n  t e m p e r a t u r e .  However o t h e r  e n t e r i c  b a c t e r i a ,  s u c h  a s  
P r o t e u s  s p . ,  E s c h e r i c h i a  c o l i  and A l ç a l i g e n e s  f a e c a l i s  made i t  n e c e s s a r y  
t o  u s e  e i t h e r  two m e t h o d s ,  or  two s e l e c t i v o  m e d i a ,  f o r  c o n f i r m i n g  
t h e  growt.h o f  d u b l i n  i n  t h e  e n r i c h m e n t  b r o t h .
C o m par i son  o f  t h e  g r o w t h  of  du b l  i n  i n  di f  f e r e n t  e n r i c i m ie n t iv,edia 
T ubes  o f  10 cm' o f  f o u r  e n r i c h m e n t  b r o t h s  and one tu b e  o f  n u t r i c n t  
b r u t h  w e re  ea c h  i n o c u l a t e d  w i t h  one l o o p f u l  o f  a n u t r i e n t  b r o t h  
c u l t u r e  o f  S .  d u b l i n . Tlie t u b e s  w e re  i n c u b a t e d  at  3 7 ^ B f o r  24 h and 
t h e  num ber  o f  S ,  d u b l i n  i n  e a c h  b r o t h  was e s t i m a t e d  by a s u r f a c e  
s p r e a d  p l a t e  count ,  on n u t r i e n t  a g a r  (C x o i d )  and o n  b r i l l i a n t  g r e e n  
a g a r  ( O x o i d ) .
The com' e r  t r a t i  on o f  S .  d u b l  i n in each b r o t l i  i s  shown in  T a b l e  1. 
From t h e  r e s u l t s  ^ t  i s  c l e a r  t h a t  m a r ni  to 1 s e l e n i t e  b r o t h  fO xo id )  
and t e t r a t h i o n a t e  b r o t h  b a s e  ( O x o id )  p l u s  2  p e r  c e n t  i o d i n e  s o l u t i o n
3
(.30 g i o d i n e ,  25 g p o t a s s i u m  i o d i d e ,  1 0 0  cm d i s t i l l e d  w a t e r )  w e re  
t h e  two m o s t  s a t i s f a c t o r y  e n r i c h m e n t  m e d i a .
TAB)Æ 2 .
The  nuinher o f  S a lm o n e lX a  d u h l i n , E s c h e r i c h i a  c o l i  and P r o t o n s  sp , 
i n  p u r e  c u l t u r e s  e s t i m a t e d  h y  a p l a t e  c o u n t  on  n u t r i e n t  ajf^ar and 
b r i l l i a n t  y r e e n  a # o r ,  and t h e  IIPN o f  e a c h  c u l t u r e  e s t i m a t e d  by
i n o c u l a t i n g  t h r e e  t u b e s  o f  m a n n i t o l  s e l e n i t e  b r o t h  and
!
t e t r a t h i o n a f c e  b r o t h  a t  e a c h  d i l u t i o n  l e v e l  f o l l o w e d  by  s u b - c u l t u r e  
on to  n u t r i e n t  a g a r  and b r i l l i a n t  g r e e n  a g a r ,
* N u t r i e n t  a g a r ,  + B r i l l i a n t  g r e e n  a g a r .
F i g u r e s  i n  b r a c k e t s  i n d i c a t e  g r e e n  c o l o n i e s  o n l y  on b r i l l i a n t  
























C o m p ar i s o n  o f  v a r i o u s  s e l e c t i v e  m e d i a  f o r  t h e  i s o l a t i o n  o f  
S a l m o n e l 1 a d u b l i n  f r o m  m a n n i t o l  s e l e n i t e  b r o t h  an d  t c t r a t h i o n a t e  
b r o t h .  T h r e e  t u b e s  o f  e n r i c h m e n t  b r o t h  i n o c u l a t e d  a t  e a c h  
d i l u t  ion  1 e v e l .
TABLE 3
Number o f  p o s i t i v e  t u b e s
M a n n i t o l  s e l e n i t e T e t r a t h i o n n t e
E n r i c h m e n t  b r o t h b r o t h b r o t h
D i l u t i o n  l e v e l 1 0 -G '  1 0 - T 1 0 - 8 1 0 "® ] 0 "'^ 1 0 ~ 8
S e l e c t i v e  a g a r
B r i l l i a n t  g r e e n  
( O x o i d )
3 3 3 3 3 3
M o d i f i e d  B r i l l i a n t  g r e e n  
(O x o i d )
3 3 2 3 3 3
B r i l l i a n t  g r e e n  
(M erck )
2 0 0 1  2 0
B r i l l i a n t  g r e e n  
( D i f c o )
3 3 .3 3 .3 2
Bism uth  s u l p h i t e  
( O x o i d )
1 0 0 2  1 0
D e s o x y c h o i a t e  c i t r a t e  
( O x o i d )
1 0 0 I 1 1
N u t r i  e n t  
( Oxo i d )
3 3 3 3 3 3
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S e l o c t l v i t y  o f  m a n n i t o l  s e l e n i t e  b r o t h  and t e t r a t h i o n a t o  h r o t h . The 
MPN o f  E ,  c o l i  (NCTC 9 0 0 1 ) ,  P r o t e u s  s p . (No 15A, The W e s t  o f  S c o i l and 
A g r i c u l t u r a l  C o l l e g e  s t o c k  c u l t u r e s ) ,  and 8 . d u h i  i n  i n  p u r e  c u l t u r e s  w e re  
d e t e r m i n e d  by  p r e p a r i n g  a  s e r i e s  of  d i l u t i o n s  o f  e a c h  c u l t u r e  and 
i n o c u l a t i n g  t h r e e  t u b e s  o f  m a n n i t o l  s e l e n i t e  b r o t h  and t h r o e  t u b e s  o f  
t e t r a t h i o n a t o  b r o t h  f rom e a c h  d i l u t i o n .  T h e s e  e n r i c h m e n t  b r o t l i s  
Were i n c u b a t e d  a t  3 7 ^ 0  f o r  24 h  and a l o o p f u l  o f  e a c h  s t r e a k e d  o v e r  
t h e  s u r f a c e  o f  n u t r i e n t  a g a r  and b r i l l i a n t  g r e e n  a g a r .  T h o se  p l a t e s  
w e r e  i n c u b a t e d  a t  37^C and e x a m in e d  f o r  g ro w th  a f t e r  24 and 48 h .
A t  t h e  same t im e  a  s u r f a c e  s p r e a d  p l a t e  c o u n t  o f  e a c h  c u l t u r e  was  
made on n u t r i e n t  a g a r  and b r i l l i a n t  g r e e n  a g a r .
The r e s u l t s  o f  t h e s e  c o u n t s  a r e  shown i n  T a b l e  2. I n  i.hi s t e s t  
t h e  MT-'N o f  S .  d u b l i n  was  s l i g h t l y  h i g h e r  i n  t e t r a t h i o n a t o  b r o t h  t h a n  
i n  m a n n i t o l  s e l e n i t e  b r o t h  and was  s i m i l a r  to t h e  c o n c e n t r a t i o n  
e s t i m a t e d  by t l i e  p l a t e  c o u n t s ,  E .  c o l i  and P r o t e u s  s p . wore  not. 
c o m p l e t e l y  i n h i b i t e d  by e i t h e r  o f  t h e  e n r i c h m e n t  b r o t h s ,  b u t  b o t h  
s p e c i e s  p r o d u c e d  c o l o n i e s  w h i c h  c o u l d  be d i s t i n g u i s h e d  f r o m  t h e  r e d  
c o l o n i e s  o f  S ,  d u b l i n .
C o m p ar i s o n  o f  s e l e c t i v e  m ed io  f o r  th e  i s o l a t i o n  o f  8 . d u b l i n  f r o m  
e n r i c h m en t  b r o t h s . The IIPN o f  S.  d u b l i n  i n  a b r o i d i  c u l  t u r o  was 
e s t i m a t e d  b y  p r e p a r i n g  a s e r i e s  of  d i l u t i o n s  and i n n o u l a t i n v  n s e t  
o f  t u b e s  o f  t e t r a t h i o n a t e  b r o t h  and n f u r t J i e r  s o t  o f  Mannitol  s e l e n i t e  
b r o t h .  T h r e e  t u b e s  o f  e a c h  b r o t h  w e r e  i n n c u l a t o d  from th e  10” ’^ , 1 0 ""  ^
and 10 ^ d i l u i . i o n s .  The e n r i c h m e n t  t j r o t h s  w e re  i n c u b a t e d  a t  37^0  f o r  
24 li and tlio n iu ib e r  o f  p o s i t i v e  tu t i e s  we re  i d e n t i f i e d  bv 1 a t  i ne o u t  
o n to  a  v a r i e t y  o f  s e l e c t i v e  m ed ia  and o n to  n u t r i e n t  a g a r .
The number  o f  p o s i t i v e  t u b e s  i n  ea ch  c a s e  i s  shown i n  Tabl  e 3.
From t h e s e  r e s u l t s  b r i l l i a n t  g r e e n  a g a r  f O x o id )  was c h o s e n  f o r  f u r t h e r  t e s t s
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M eth o d s  f o r  i s o l a t i o n  an d  e n u m e r a t i o n  o f  b a c t e r i a  i n  p i g  e x c r e m e n t  
and a e r o b i c  s l u d g e .
B e f o r e  i n o c u l a t i n g  s a l m o n e l ] a e  i n t o  p i g  e x c r e m e n t  o r  a f l o c c n l e n t
s l u d g e ,  r e s u l t i n g  f rom a e r o b i c  t r e a t m e n t  o f  t h e  w a s t e ,  m e th o d s  o f
c o u n t i n g  t o t a l  v i a b l e  b a c t e r i a  and E .  c o l i  w e re  e x a m i n e d .
A f l o c c n l e n t  s l u d g e  i s  a m o s t  d i f f i c u l t  m a t e r i a l  t o  e x o n i n o ,
h e n c e  m e t h o d s  o f  b l e n d i r g  s a m p l e s  b e f o r e  p r e p a r i n g  a  d i l u t i o n  s e r i e s
w e r e  e v a l u a t e d .  Owens ( P e r s ,  Comm.) t e s t e d  a  v a r i e t y  o f  c o u n t i n g
m e th o d s  and o b t a i n e d  t h e  h i g h e s t  num ber  o f  v i a b l e  b a c t e r i a  by b l e n d i n g
3sa m p l e s  i n  a n  Atomix  b l e n d e r  b e f o r e  p r e p a r i r p ;  d i l u t i o n s .  20 cm' o f
mixed  l i q u o r  f rom a l a b o r a t o r y  a e r o b i c  t r e a t m e n t  u n i t  w e re  t r a n s f e r r e d
u s i n g  a  w i d e  b o r e  ( 9  ran) p i p e t t e  t o  180 cm^ c o o l e d  m i n e r a l  s a l t s
d i l u e n t .  T h i s  s u s p e n s i o n  was  t h e n  b l e n d e d  a t  nn ximuin s p e e d  f o r  2  m in .
A t e n —f o l d  d i l u t i o n  s e r i e s  o f  t h e  b l e n d e d  s u s p e n s i o n  was p r e p a r e d  and 
3
0 . 1  cm o f  e a c h  d i l u t i o n  was s p r e a d  o v e r  t h e  s u r f a c e  o f  p i a t e s  o f  
MacConkoy a g a r  and a  d i l u t e  n u t r i e n t  a g a r  (DA). T i n s  medium was 
composed o f  2 . 5  g n u t r i e n t  b r o t h  No. 2 ( O x o i d ) ;  1 . 8  g a g a r  No. 1 
( O x o i d ) ;  and 3 , 0 0 0  cm^ m i n e r a l  b a s e  E,  pH 6 . 5  (Owens and K e d d i e ,  1 9 6 9 ) ,  
and was s t e r i l i s e d  by au  I o r  l a v i n g  a t  121^0 f o r  15 m i n , Tho most
p r o b a b l e  number  of  c o l i f o r m s  was o b t a i n e d  by i n o c u l a i  in!': f i v e  t u b e s
3 3o f  5 cm' MacConke^' b i ' o t h  w i t h  1 era s u s p t m s i o n  ai, each, d i 1 ul i o n .
The p l a t e s  o f  NacConkey a g a r  and t u b e s  o f  H a c f o n k e y  broi .h  wei’o i n c u b a t e d  
a t  37°C f o r  2 d h .  C u l t u r e s  o f  c o l i f o r m s  w e re  l a t e r  c / ’uf i rraed as  
E s c h e r i  c h i a co l i  by E i jk ra a n  and BWiO t e s t s  (Mini. ' --try o' '  H e a l t h  an d 
S o c i a l  S e c u r i t y ,  1 9 6 9 ) ,  Tlie p l a t e s  o'* DA w e re  i n c u b a t<ni a t  25^C n ’ d 
c o l o n i e s  cnuni .od a f t e r  7 and 11 d a \ ' s .
2  C:
9 3C o u n t s  o f  10'  v i a b l e  b a c t e r i a  p e r  cm w e r e  r e g u l a r l y  o b t a i n e d
3 3on DA and > 1 0 '  v i a b l e  E.  col  i  p e r  cm' i n  MacConkey b ro  tb  and on
MacOonkey a g a r .  L a t e r ,  h i g h e r  c o u n t s  were  o b t a i n e d  a f t e r  p u r c h a s i n g
3
a  V i r t i s  ' 4 5 ’ h o m o g e n i s e r . Wi th t h i s  mach ine  20 cm' o f  u n d i l u t e d  
mixed  l i q u o r ,  o r  s e t t l e d  s l u d g e ,  w e r e  b l e n d e d  f o r  2  min a t  minimum s p e e d .
The e f f e c t  o f  b l e n d i n g  p i g  e x c r e m e n t ,  an d  a e r o b i c  s l u d g e ,  o n  c o u n t s  
o f  t o t a l  v i a b l e  b a c t e r i a  and E s c h e r i c h i a  c o l i
The n um bers  o f  t o t a l  v i a b l e  b a c t e r i a  and E.  c o l i  i n  f r e s h  p i g  
e x c r e m e n t  ( 2 0  g s u s p e n d e d  s o l i d s / l )  and i n  a  f l o c c n l e n t  a e r o b i c  s l u d g e  
(3 8  g s u s p e n d e d  s o l i d s / l )  w e r e  e s t i m a t e d .  The s l u d g e  was  o b t a i n e d  
a f t e r  a l l o w i n g  a sarn| i le o f  mixed  l i q u o r  f ro m  t h e  l a b o r a t o i y  t r e a t m e n t  
u n i t  t o  s e t t l e  f o r  one  h o u r  and d e c a n t i n g  t h e  s u p e r n a t a n t .
Ea ch  sa m ple  was  ex amined  by p r e p a r i n g  a t e n - f o l d  d i l u t i o n  s e r i e s  
and t h e n  i n o c u l a t i n g  p l a t e s  o f  DA, V i o l e t  r e d  b i l e  a g a r  (VRflA) and
t u b e s  o f  MacConkey b r o t h .  The f i r s t  d i l u t i o n  o f  e a c h  s e r i e s  was
3 3made by t r a n s f e r r i n g  10 cm of  s am p le  to  90 cm' m i n e r a l  s a l t s  d i l u e n t
3and f u r t h e r  d i l u t i o n s  by t r a n s f e r r i n g  1 cm' o f  e a c h  s u s p e n s i o n  to
3
9 cm' d i l u e n t .
A n o t h e r  d e c i m a l  d i l u t i o n  o f  ea ch  sam ple  was  p r e p a r e d  by
3 3t r a n s f e r r . l r g  2 0  cm of  s am p le  to  180 cm' c o o l e d  m i n e r a l  s a l t s  d i l u e n t .
T h i s  s u s p e n s i o n  was t h e n  b l e n d e d  i n  t h e  Atomix. b l e n d e r  and a s e r i e s
3o f  f u r t h e r  d i l u t i o n s  was  p r e p a r e d  by t r a n s f e r r i n g  1 cm o f  e a c h
3
s u s p e n s i o n  t o  9 cm' d i l u e n t ,  w h i c h  w e re  t h e n  used  to  i n o c u l a t e
p l a t e s  o f  DA, WUIA and t u b e s  o f  MacConkey b r o t h .
3A f u r t h e r  20 cm o f  u n d i l u t e d  s l u r r y ,  o r  s l u d g e ,  w e re  b l e n d e d  
i n  t h e  V i r t i s  h o m o g e n i s e r .  A d e c im a l  d i l u t i o n  s e r i e s  s i m i l a r  t o  
t h a t  o f  t h e  u n b l e n d e d  s a m p le s  was  p r e p a r e d  and t h e s e  d i l u t i o n s  w e r e  
u s e d  t o  i n o c u l a t e  p l a t e s  o f  DA, VRBA and t u b e s  o f  MacConkey b r o t h .
TAT3IE 4
The e f f e c t  of  b l e n d i n g  p i g  e x c r e m e n t ,  and an  a e r o b i c  s l u d g e ,  
p r i o r  to p r e p a r i n g  d i l u t i o n s  f o r  p l a t e  c o u n t s .
NO -  N o n - b l e a d e d
BA — Ble nded  on A to m ix  b l e n d e r
BV -  B len d ed  on V i r t i s  *45* h o m o g e n i s e r
TABLE 4
>
V i a b l e  
a e r o b i c  S lu d g e
b a c t e r i a / g S S
P i g  E x c r e m e n t
T o t a l E.  e o l i T o t a l E.  c o l i
( x l O ^ )  ' (xlO'"') ( x l O ^ ) (xIO'^)
NB 6 . 2 7 . 5 39 1 . 1
BA 2 0 17 26 1 . 1
BV 47 23 15 1 . 1
.( I
Th e nu m b ers  of’ t o t a l  v i a b l e  b a c t e r i a  and  E,  co I j  fo u n d  i n  e a c h  
c a s e  a r e  shown i n  T a b l e  4„ The irmxiraum numbers  o f  b o t h  g r o u p s  of 
b a c t e r i a  i n  t h e  s l u d g e  wo re  o b t a i n e d  a f t e r  b l e n d i n g ,  w h e r e a s  i n  the  
ra w s l u r r y  t h e  h i g h e s t  c o u n t s  of  b o t h  g r o u p s  w e re  o b t a i n e d  w i t h o u t  
b l e n d i n g .
R e c o v e r y  o f  S a l m o n e l l a  d u b l i n  f rom f r e s h  p i g  e x c r e m e n t ,
A sam p le  o f  f r e s h  p i g  e x c r e m e n t  was d i v i d e d  i n t o  two p o r t s  and 
one p a r t  was  i n o c u l a t e d  w i t h  a b r o t h  c u l t u r e  o f  d u b l i n . At  t h e  
same t im e  t h e  number  of  v i a b l e  S .  d u b l i n  i n  t h e  b r o t h  was e s t i m a t e d  
by a s u r f a c e  s p r e a d  p l a t e  c o u n t  on n u t r i e n t  a g a r .
The two sara ji les  o f  p i g  e x c r e m e n t  w e re  t h e n  t h o r o u g h l y  mixed and
3
examined  f o r  s a l r a o n e l l a e .  In  e a c h  c a s e  1 0  cm' o f  e x c r e m e n t  we re
3
removed u s i n g  a w i d e  b o r e ,  9 mm, p i p e t t e  and t r a n s f e r r e d  to  90 cm 
m i n e r a l  s a l t s  d i l u e n t .  T h es e  i n i t i a l  d i l u t i o n s  w e r e  s h a k e n  v i g o r o u s l y  
and a s e r i e s  o f  d e c i m a l  d i l u t i o n s  o f  ea ch  p r e p a r e d .  The MPN of  
s a l m o n e l l a e  i n  ea c h  s am p le  of  e x c r e m e n t  was t h e n  e s t i m a t e d  by
3
i n o c u l a t i n g  f i v e  t u b e s  o f  1 0  cm' o f  t e t r a t h i o n a t e  e n r i c h m e n t  b r o t h
3 3and f i v e  t u b e s  of  1 0  cm o f  m a n n i t o l  s e l e n i t e  b r o t h ,  w i t h  one cm'
o f  e a c h  d i l u t i o n .  The e n r i c h m e n t  b r o t h s  w e re  i n c u b a t e d  a t  3 7 °C
f o r  24 h .  A f t e r  i n c u b a t i o n ,  t h e y  w e re  examined  f o r  t h e  p r e s e n c e  o f
s a l m o n e l l a e  by p l a t i n g  o u t  on b r i l l i a n t  g r e e n  a g a r  ( O x o i d ) .  These
p l a t e s  w e r e  i n c u b a t e d  a t  37*^C and examined  a f t e r  24 and 48 h f o r  t h e
p r e s e n c e  o f  r e d  c o l o n i e s .  The s u s p e c t  c o l o n i e s  o f  S. d u b l i n  were
t h e n  s t r e a k e d  o n t o  t r i p l e  s u g a r  i r o n  a g a r  ( O x o i d ) .
Below t h e  10 ^ d i l u t i o n  l e v e l  o n l y  r ed  c o l o n i e s  w e re  p r e s e n t
on t h e  p l a t e s  i n o c u l a  t e d  from t h e  S .  d u b l i  n i n f e c t e d  s a m p l e s ,  w h e r e a s
no c o l o n i e s  d e v e l o p e d  on t h e  p l a t e s  i n o c u l a t e d  f rom t h e  c o n t r o l  s<unple
A l l  t h e  r e d  c o l o n i e s  w e r e  c o n f i r m e d  a s  S ,  d u b l i n , by s t r e a k i n g  o n t o  
t r i p l e  s u g a r  i r o n  a g a r ,  and b y  t h e  a b s e n c e  of  r e d  c o l o n i e s  on tlie 
p l a t e s  f r o m  t h e  c o n t r o l  s a m p l e .  S e r o l o g i c a l  t e s t s  w e re  t h e r e f o r e  
c o n s i d e r e d  u n n e c e s s a r y .  A t  t h e  10 ^ d i l u t i o n  l e v e l  and above g r e e n  
c o l o n i e s  d e v e l o p e d  on  a l l  t l ie  p l a t e s .  C o n s e q u e n t l y  d u b l  i n  c o u l d  
n o t  be i s o l a t e d  f r o m  t h e s e  d i l u t i o n s  of  t h e  i n f e c t e d  s a m p l e s .
The c o n c e n t r a t i o n  o f  S ,  d u b l i n  i n  t h e  i n f e c t e d  e x c r e m e n t ,
f) 3
c a l c u l a t e d  f rom t h e  p l a t e  c o u n t ,  was 1 . 5  x 10 '  p e r  cm . The W N  o f
9 3
S,  d u b l i n  i n  t e t r a t h i o n a t e  b r o t h  was  1 , 1  x 1 0  p e r  cm and in
8  3m a n n i t o l  s e l e n i t e  b r o t h  was 1 . 5  x 10 p e r  cm .
T e t r a t h i o n a t e  b r o t h ,  b r i l l i a n t  g r e e n  a g a r ,  and t r i p l e  s u g a r  
i r o n  a g a r  w e re  t h e n  c h o s e n  a s  t h e  m os t  s u i t a b l e  c o m b i n a t i o n  o f  m e d i a  
f o r  t h e  i s o l a t i o n  and e n u m e r a t i o n  o f  S.  d u b l i n  f ro m  i n f e c t e d  p i g  
e x c r e m e n t .  However ,  b e c a u s e  o f  t h e  p r e s e n c e  o f  h i g h  co tic e n t r â t  io ns 
o f  c o l i f o r m s  a t  low d i l u t i o n  l e v e l s ,  a  s econd  m e thod  o f  d e t e c t i n g  
g r o w t h  o f  S. d u b l i  n i n  t h e  e n r i c h m e n t  b r o t h s  was  n e c e s s a r y  f o r  t h e  
e x a m i n a t i o n  o f  e x c r e m e n t  c o n t a i n i n g  low numbers  o f  d u b l i n .
In  t h e  e a r l y  e x p e r i m e n t s  on s u r v i v a l  o f  S .  d u b l  i n , t l ie f l u o r e s c e n t  
a n t i b o d y  t e c h n i q u e  o f  S i l l i k e r ,  S ch m a l l  and (3 iiu ( 1 9 6 6 )  was a d o p t e d .  
T h i s  t e c h n i q u e  u s u a l l y  r e s u l t e d  i n  h i g h e r  c o u n t s  t h a n  t h o s e  o b t a i n e d  
by p l a t i n g  o u t  on b r i l l i a n t  g r e e n  a g a r .
U n f o r t u n a t e l y ,  f r e s h  e x c r e m e n t  c o l l e c t e d  from t h e  p i g g e r y  a f t e r  
t h e  s t a r t  o f  e x p e r i m e n t  TI c o n t a i n e d  h i g h  c o n c e n t r a t i o n s  o f  
A l c a l i g e n e s  f a e c a l i s . T h i s  o r g a n i s m  m u l t i p l i e d  i n  b o t h  t l ie  e n r i c h m e n t  
b r o t h  and b r a i n  h e a r t  I n f u s i o n  b r o t h  and i t  s t a i n e d  w i t h  t h e  
f l u o r e s c e n t  a n t i b o d y .  I t  a l s o  p r o d u c e d  p i n k  c o l o n i e s  on b r i l l i a n t  
g r e e n  a g a r ,  gave  n e g a t i v e  r e s u l t s  in  t h e  u r e a s e  and p h e n y l a l a n i n e  
t e s t s ,  b u t  f a  i 1 c d t  o p ro d uc e 11,^S o n I r  i.pl e s ug a r  i r o n  a g a r .
2  0
T e t r a t h i o n a t e  iiiedium B ( R o l f  e , 1946)  was exomined a s  an a i t o i ’n a t i v e  
e n r i c h m e n t  b r o t h ,  b u t  f a i l e d  t o  i n h i b i t  t h e  g r o w t h  o f  A l e .  f o e c a l i s . 
However ,  when  t h e  i o d i n e  s o l u t i o n  recommended f o r  t e t r a t h i o n a t e  medium B 
( 2 0  g i o d i n e  p e r  1 0 0  cm^ s o l u t i o n )  was  u s e d  w i t h  Oxo id  t e t r a t h i o n a t e  
b r o t h  b a s e ,  i n s t e a d  o f  t h e  s o l u t i o n  recommended by O xo id  (30  g i o d i n e  
p e r  100 cra^ s o l u t i o n )  A l e , f a e c a l i s  was m a r k e d l y  i n h i b i t e d .  M o d i f i e d  
b i s m u t h  s u l p h i t e  a g a r  (McCoy, 1962 )  was t e s t e d  and found to  i n h i b i t  
A l e , f a e c a l i s  w h i l e  s u p p o r t i n g  t h e  g r o w t h  o f  S.  d u b l i n . The r e d u c t i o n  
i n  t h e  i o d i n e  c o n c e n t r a t i o n  p r o d u c e d  h i g h e r  c o u n t s  o f  d u b l i n , on 
b r i l l i a n t  g r e e n  a g a r  and m o d i f i e d  b i s m u th  s u l p h i t e  a g a r  t h a n  had  l ieen 
p r e v i o u s l y  f o u n d .
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PART A. THE SURVIVAL OF S a l m o n e l l a  d u b l i n  IN PTC EXCRBILNT PORT NO
STORAGE
INTRODUCTION
D u r i n g  s t o r a g e  on a f a r m ,  t h e  t e m p e r a t u r e  o f  a n i m a l  e x c r e m e n t  
may f l u c t u a t e .  I n  s l u r r y  c h a n n e l s  b e lo w  t h e  s l a t t e d  f l o o r s  o f  an im al  
h o u s e s  and i n  l a r g e  s t o r a g e  t a n k s  b e lo w  g r o u n d  l e v e l ,  t h o  tempo ro t u r e  
o f  t h e  e x c r e m e n t  w j l l  r e m a i n  r e l a t i v e l y  c o n s t a n t  f o r  l o n g  p e r i o d s ,  
p r o b a b l y  a t  t e m p e r a t u r e s  s i m i l a r  t o ,  or  s l i g h t l y  abov e t h a t  o f  the  
s o i l .  I n  s l u r r y  t a n k s  above g r o u n d  l e v e l ,  the t e m ] ) e r a t u r o  o f  t h e  
e x c r e m e n t  may v a r y  w i t h  s h o r t  t e r m  c h a n g e s  i n  a t m o s p h e r i c  t e m p e r a t u r e .  
M e a s u r e m e n t  o f  t h e  c o n t e n t s  o f  t h r e e  s l u r r y  r e s e r v o i r s ,  i n  t h e  
A u c h i n c r u i v e  a r e a ,  s u p p o r t s  t h e  a,ssum])t ion t lm  t  t l ie temjie r a t u r e  o f  
e x c r e m e n t  d u r i n g  s t o r a g e  i s  s i m i l a r  t o  t h a t  o f  t h e  s o i l .  The s l u r r y  
r e s e r v o i r s  ex a mined  w e re  a s l u r r y  c h n im e l  ( 1  m d e e p )  b e lo w  t h e  
s l a t t e d  f l o o r  o f  t h e  p i g  f o t i . e n i n g  h o u s e ,  a 9(},00(i 1 s u b s u r f a c e  t a n k
f i l l e d  w i t h  b e e f  c a t t l e  e x c r e m e n t ,  b o t h  a t  t h e  Animal  H u s b an d r y
E x p e r i m e n t a l  U n i t ,  H r i c k r o w  and a 4 5 , 0 0 0  1 s u r f a c e  t a n k  f i l l e d  w i t h  
d a i r y  c a t t l e  e x c r e m e n t  a t  T ra b l ioch  M a i n s ,  T r a b U o c h ,  A y r s h i r e ,  The 
t e m p e r a t u r e  i n  t h e s e  t h r e e  t a n k s  a t  1 m d e p t h  wei'o 8 . 0 ,  8 . 0  and 7 .5 ^ C  
r e s p e c t i v e l y ,  a n d  t h e  s o i l  t e m p e r a t u r e  a(, 1 m d e p t h  a t  t h e  A u c h i n c r u i v e  
M e t e o r o l o g i c a l  S t a t i o n  on t h e  same day  was 7 .  U. I n  t h i s  a r e a  t h e
s o i l  t e m p e r a t u r e  a t  1  m d e p t h  v a r i e s  b e tw e e n  4 and 1 t h r o u g h  t h e
y e a r  ( P l a n t ,  1 9 7 1 ) .
The s o l i d s  co rx; e n t r a i  i o n o f  frig e v c r e m e n t  d e p e n d s  l a r g e l y  on 
t h e  amount  o f  w a t e r ,  f rom v a r i o u s  s o u r c e s ,  e n t e r i n g  t h e  s l u r r y  t a n k . 
U n d i l u t e d  p i g  e x c r e m e n t  lias a s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  o f  a b o u t  
100 t o  130 g / l  ( O ' C a l l a g h a n ,  Dodd, 0 'Donohue and Poi loc . lc ,  1 9 7 1 ) ,  b u t  
i s  u s u a l l y  d i l u t e d  a t  l e a s t  1 : 1  w i t h  w a t e r  i n  s l u r r y  s i o r a g e  t a n k s  
( B e r r y m a n , 1970)„
nS i n c e  f r e s h  p i g  e x c r e m e n t  f rom  i n f e c t e d  a n i m a l s  was n o t  r e a d i l y  
a v a i l a b l e  and i t  was n o t  p r a c t i c a l  t o  i n o c u l a t e  s a l m o n e l l a e  i n t o  a 
s l u r r y  t a n k  on a  f a r m ,  t h e  s u r v i v a l  of  S a l m o n e l l a  d u l i l i n  i n  p i g  
e x c r e m e n t  was  s t u d i e d  i n  t h e  l a b o r a t o r y .
I t  i s  n o t  p o s s i b l e  to  be s u r e  of  r e p r o d u c i i g  i n  t h e  l a b o r a t o r y  
a l l  t h e  c o n d i t i o n s  l i k e l  y  to  p r e v a i l  d u r i n g  t h e  s t o r a g e  o f  s l u r r y  
on a f a r m .  However ,  s t o r a g e  c o n d i t i o n s  were  c h o s e n  t o  s i m u l a t e  
p r a c t i c a l  f a r m  s i t u a t i o n s  a s  f a r  a s  p o s s i b l e .
The f o l l o w i n g  s e r i e s  o f  l a b o r a t o r y  e x p e r i m e n t s  w e r e  d e s i g n e d  
t o  e v a l u a t e  t h e  c h a n c e s  o f  v i a b l e  s a l m o n e l l a e  s u r v i v i n g  i n  p i g  
e x c r e m e n t  i n  a  s t o r a g e  t a n k  on a f a r m .  In  e a c h  o f  f i v e  e x p e r i m e n t s  
sani fi lea o f  p i g  e x c r e m e n t ,  d i l u t e d  w i t h  t a p  w a t e r  to a s e m i - l i q u i d  
s l u r r y ,  w e re  i n o c u l a t e d  w i t h  d u b l i n . Sam ples  o f  i n o c u l a t e d  s l u r r y ,  
t o g e t h e r  w i t h  s a m p l e s  o f  u n i n o c u l a t e d  s l i u ’ r y  u s e d  a s  c o n t r o l s  f o r  
b a c t e r i o l o g i c a l  m e t h o d s ,  w e re  t h e n  s to  r ed  a n a e r o b i c a l l y  a t  c o n s t a n t  
t e m p e r a t u r e s .  At  i n t e r v a l s  d u r i  tyr s t o r a g e  t h e  pH v a l u e  o f  t h e  s l u r r y  
was  m e a s u r e d  and th e  MPN o f  s u r v i v o r s  o f  d u b l i  n e s t i m a t e d .
I n  e x p e r i m e n t s  1 and I I  t h e  number  o f  s u r v i v o r s  o f  d u b l i n
w e r e  e s t i m a t e d  by i n o c u l a t i n g  d e c im a l  d i l u t i o n s  o f  t h e  s l u r r v  i n t o  
e n r i c h m e n t  b r o t h s .  B r i l l i a n t  g r e e n  a g a r  and t h e  f l u o r e s c e n t  
a n t i b o d y  t e c h n i q u e  w o re  u s e d  to d e t e c t  th e  g r o w t h  o f  8 . d u b l i  n i n  
t h o s e  b r o t h s .
E x p e r i m e n t  1 w a s  d e s i g n e d  t o  d e t e r m i n e  how l o n g  c e l l s  o f
d u b l  i n  c o u l d  r e m a i n  v i a b l e  a f t e r  i n o c u l a t i o n  i Ttio a sam p le  o f
f r e s h  p i g  e x c r e m e n t .  The e x c  r emc n ( was d i lu  led  to  a  s l u r r y ,
c o n t a i n i n g  54  o s u s p e n d e d  s o l i d s  j>er  1 and 84  c h e m i c a l  o x y g e n
d e ma n d  (COD) p e r  1 .  The c o n t a m i n a t e d  a n d  c o n l r o l  s a m p l e s  v . e r e  t h e n  
s t o r e d  a t  15^*0 i n  2 1 v e s s e l s ,  co  n i a  i n  i ng  magnet s  f o r  m i x i n g .
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E x p e r i m e n t  TI was  d e s i g n e d  to  d e t e r m i n e  t h e  e f f e c t  o f  s u s p e n d e d  s o l i d s  
c o n c e n t r a t i o n  o f  t h e  s l u r r y  on s a l m o n e l l a  s u r v i v a l .  Contami  n a t e d  and 
c o n t r o l  s a m p l e s  o f  a t h i n  s l u r r y  ( 9 . 6  g s u s p e n d e d  s o l i d s  p e r  1:  11 g
COD p e r  1 ) w e r e  s t o r e d  a t  lO^C i n  ,2 1 v e s s e l s ,  c o n t a i n i n g  m a g n e t s  and 
o f  a  t h i c k  s l u r r y  ( 6 8 . 3  g s u s p e n d e d  s o l i d s  p e r  1:  R1 g COD p e r  l )
w e r e  s t o r e d  a t  lO^C i n  2  1 v e s s e l s ,  f i t t e d  w i t h  p a d d l e s  f o r  m e c h a n i c a l
m i x i n g ,  1 ' h i s  e x p e r i m e n t  was  s t o p p e d  a f t e r  118 d when t h e  i n c u b a t o r  
o v e r h e a t e d .
I n  e x p e r i m e n t s  I I I ,  IV and V a  c o r r e l a t i o n  b e t w e e n  c h a n g e s  i n  t h e  
pTf v a l u e  of t h e  s l u r r y  d u r i n g  s t o r a g e  and S.  d u b l i n  s u r v i v a l  v/as ex a m in e d .  
Some o f  tlie t e c h n i c a l  e r r o r s  o f  tlie s a l m o n e l l a e  c o u n t i n g  m e th o d s  we re  
r e d u c e d  b y  t h e  u s e  o f  a  t w o - f o l d  d i l u t i o n  s e r i e s  i n  t h e  t e c h n i q u e  and 
by  r e d u c i n g  t h e  i o d i n e  c o n c e n t r a t i o n  i n  t h e  e n r i c h m e n t  b r o t h .
I n  e x p e r i m e n t  I I I  t h e  pH v a l u e  o f  t h e  s l u r r y  (OO g s u s p e n d e d  s o l i d s / l ;
70 g COO/l)  was  m o n i t o r e d  c o n t i n u o u s l y .  The s i u r r y  wns s i  o r e d  i n  a t h r e e
l i t r e  f e r m e n t e r  an d  s t i r r e d  c o n s t a n t l y  t l i r o u g h e n t  t l ic  e x p e r i m e n t .
C o n s t a n t  a g i t a t i o n  of t h e  s l u r r r  i s  n o t  commonl^ p r a c t i s e d  d u r i n g  
s t o r a g e  on n f a r m ,  and i t  a l s o  a p p e a r e d  t o  d i s t u r b  th e  o x j i e c to d  s e q u e n c e  
o f  c h a n g e s  o f  pîf v a l u e ,  found t o  o c c u r  i n  the  u i imixcd s a m p l e s  o f  s l u r r y  
u s e d  i n  t lie e a r l i e r  e x p e r i m e n t s .  T h e r e  f o r e  ! he s l u r r y  i n  expe r : nr n t  s IV
3
and V was  s t o r e d  i n  s e v e r a l  s m e l l e r  v o lu m es  o !’ 20 cm , a s  wel  1 a s  2 1 
VO 1 ume s . T h i s  a l l o w e d  s a m p l e s  t o  r e m a i n  u n n i x e d  f r o r  t h o  s t a r t  o f  the? 
e x p e r i m e n t  up to  i In Üîîï '  oi‘ ex am in a i  i o n .  The s l u r r y  i n  e x p e r t  n t  IV 
c o n t a i n e d  56 g suspnuwled s o l i d s / l ,  70 g COD./l end was  s i o r e i i  a t  15^’c ,
The s i  r er;' f'o?' e x p e r  i i i n n t  V (54 g s u s p e n d e d  s o l i ' * s / l ;  6 3  g 
COD/i )  was s t o  r e d  a n a e r o b i c a l l y  fo j -  28  d a t  15^f; l ief o r e  h o i r s  i n o c u l a t e d  
w i t h  d u b l i n . The i no cul  a t  or! s l u r r y  and eo nt  rn 1 s iu i i r le s  w e r e  th en  
s t o r e d  a t  15^C i n  v o l u m e s  of  2 0  cm'  ^ and 2  1 .
RESULTS
S i n c e  no s a l m o n e l l a e  w e r e  i s o l a t e d  f rom t h e  c o n t j ’ol  s a m p l e s  o f  
s l u r r y  i n  an y  o f  t h e  e x p e r i m e n t s ,  i t  was  assumed t h a t  e n r i c h m e n t  
b r o t h s ,  found to be p o s i t i v e  by t h e  f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e  
a n d / o r  b y  i s o l a t i o n  on s e l e c t i v e  m e d i a ,  r e s u l t e d  f rom s u r v i v o r s  o f  
t h e  i n o c u l u m  o f  S a lm one l  1 a d u b l i n . The Mi’N o f  S ,  d u b l i n  in the  
c o n t a m i n a t e d  sanrf)les of  s l u r r y ,  a t  t h e  s t a r t  o f  e x p e r i m e n t s  I and I I ,  
w e r e  b e tw e en  10 and 25 p e r  c e n t  of  t h e  number  e x p e c t e d ,  b>^  c a l c u l a t i o n  
f r om  p l a t e  c o u n t s  o f  t h e  b r o t h  c u l t u r e s  and t h e  vo lunu '  o f  c u l t i u ' c  
i n o c u l a t e d  i n t o  t h e  s l u r r y .  I n  t h e s e  e x p e r i m e n t s  I he MEN of  s u r v i v o r s  
o b t a i n e d  u s i n g  th e  f lu o  re  sc  e n t  a n t i b o d y  t e c i s n i q n e  w:is " e ncr  a i I 
h i g h e r  t h a n  th.e MPN o b t a i n e d  u s i n g  b r i l l  i a r J  g r e e n  a g a r .  Uowevt 'r ,  
b e c a u s e  of  t h e  e r r o r s  i n v o l v e d  w i t h  a d e c im a l  d i l u t i o n  s e r i e s  f i e  
c o u n i s  o b t a i n e d  by t h e  f l u o r  e s c o r t  a n t i  body i ec iini  que  and b r i l l  i a n i  
g r e e n  a g a r  wore  n o t  s i g n i  f i c a n t l  >- d i f f e r e r ' . t  a t  < be 95 p e r  cen t  
c o n f  i d e n e e  I e v e 1.
In  t  be l a t e r  exp<? r i m e a t s  t h e  f l u o j ' e s c e n i  a n t i b o d y  l e c lu i i t p te  was 
a b a n d o n ed  lioc an se  o f  t h e  a p p e a r a n c e  of  A l c a l i g e n e s  f a e c a l  i s  in f he 
f r e s h  p i g  e x c r e m e n t ,  co 1 1 ec to d  f rom t h e  f a t i e n i n n  h o u s e .  Tb,e i o d i n e  
cone e n t r a  fi  on i n  t h e  e n r  i cture n t  b r o t h  was r e d u c e d  and no - i t i \u.' 
onrichrcenL b r o t h s  d e t e c t e d  by p l a t i n g  on l i r i l l i a n f  a r e e i  a g a r  and 
m o d i f i e d  hi  smu th  s u l p h i t e  a g a r .  The MPN o f  S.  d u b l i  n oi (he s tfU' t  
o f  e x p e r i m e n t s  111,  IV and V was  b e tw e en  BR and 120 p e r  c e n t  of t.he 
number e x p e c t e d  by c a l c u l a t i o n .  Tlie in lu 'odu ct  ic»n o f  a t w o - f o l d  
d i l u t i o n  s e r i e s  f o r  I he Ml^N t eoi ini  que r e d u c e d  i.hc 95 p e r  c e n t  c o n f i d e n c e  
l i m i i . s  f o r  e a c 11 count . ,  and t h i s ,  w i t  I* t h e  i n c r e c s e d  f i e q r e n c y  of  MEN 
e s t  inn t i OPS, p r o v i d e d  a c l e a r e r  i n d i c a t i o n  o f  I he s h a p e  o f  tlie . s u r v i v o r  
c u r v e ,
FTGUilE 4  
E x p e r i m e n t  T
S u r v i v o r  c u r v e ,  w i t h  95 p e r  c e n t  c o n f i d e n c e  l i m i t s ,  f o r  
S a l m o n e l l a  d n b l i  n i n  f r e s h  p i g  e x c r e m e n t ,  s t o r e d  a t  1 5 ^ 8 ,  
i n  a n  u iunixed s t a t e ,  u n d e r  a n a e r o b i c  c o n d i t i o n s  an d  c u r v e  o f  
t h e  pH v a l u e  o f  t h e  e x c r e m e n t .
C o n t i n u o u s  l i n e  -  c o u n t  on b r i l l i a n t  g r e e n  a g a r .













Tho s u r v i v a l  o f  d u B l i n  a f t e r  a r t i f i c i a l  i n o c u l a t i o n  i n t o  p i g  
e x c r e m e n t ,  and t h e  pll v a l u e  o f  t h e  e x c r e m e n t  d u r i n g  s t o r a g e  a t  15 C
TA liLK  5
P l a t e  c o u n t  o f  S . d u b l  i n  i n  b ro  tli c u l t u r e
V i a b l e  u n i t s / c m ^
2 . 8  X  1 0 ^
Expect ,  cm] CO no e n t r â t !  on o f  S .  d u b l i n  i n  
e x c r e m e n t  a t  s t a r t  o f  e x p o  r i m e n t  ( r lav  O) 2 , 8  X K)^
Day pîl
0 8 . 7
1 8 . 2
2 7 , 0
4 7 . 5
8 7 . 2
16 7 . 0
36 6 . 5
42 7 . 0
49 7 . 1
70 6 . 9
91 6 , 9
99 7 . 0
126 ■ 7 . 0
139 7 . 0
174 7.1
195 7 . 0
224
244 6 . 9
272 -
300 7 . 2
224 7 . 0
M'N S,  d u b l i n  
Tiri 1 ,1.1 a n t  g r e e n  a g a r F l u o i ' e s c o n t  a n t i b o d y
2 . 4  X
2 . 4  X
2 . 4  X
2 . 4  X 
9..‘1 X
1 . 5  X
0 , 0  X
1 . 5  X 
0 , 0  X 
1 , 0  X
1 . 5  X
9 .3  X
2 . 4  X 
2.H X 
1 .5  X
7 . 5  X
2 . 1  X
7 . 5  X
2 . 4  X
2 . 4  X 























1 . 5  X
1 . 5  X
1 . 5  X
1 . 5  X
1 . 5  X
1 . 5  X
1 . 5  X
1 . 5  X
1 . 1  X
1 .1  X
■1 . 0  X
4 . 0  X 
1 ,  2  X
1 . 2  X





















S u r v i v o r  c u r v e ,  w i t h  95 p e r  c e n t  c o n f i d e n c e  l i m i t s ,  f o r  
S a l m o n e l l a  d u b l i n  i n o c u l a t e d  i n t o  two s a m p l e s  o f  f r e s h  p i g  
e x c r e m e n t  s t o r e d  a n a e r o b i c a l l y  a t  lO^C,  and c u r v e  oC t];e pH 
v a l u e  o f  t  lie ex  c r  erne n t .
Con l . i nuo us  l i n e  -  sample  c o n t a i n i n g  6 8 .3 g s u s p e n d e d  s o l i d s  
p e r  l i t r e ,
Dashed l i n e  -  sampl e c o n t a i n i n g  6 . h <. sc s ] i endod  s o l i d s  













Tlie s u r v i v a l  o f  S ,  d u b l  i n  a f t e r  i n o c u l o t i o n  i n t o  t h i c k  and t h i n  
s u s p e n s i o n  o f  pier e x c r e m e n t ,  and t h e  pH v a l u e s  o f  t h e  e x c r e m e n t  
s a m p l e s  durin<ï  s t o r a g e  a t  15^C.
TABU? 6
P l a t e  c o u n t  o f  S* d u b l i n  i n  b r o t h  c u l t u r e
V i a b l e  u n i t s / c m ^
2 . 6  X 1 0 ^
E x p e c t e d  c o n c e n t r a t i o n  o f  S.  d u b l i n  i n  
■ e x c r e m e n t  a t  s t a r t  o f  e x p e r i m e n t  ( d a y  0 ) 2 . 6  X 1 0 ^
T h i c k  s u s p e n s i o n  
MPN S.  d u b l i n
T h i n  s u s p e n s i o n  
Ml^N S .  d u b l i n
Day pH B r i l l i a n t F l u o r e s c e n t pH B r i l l i a n t F l u o r e s c e n t
g r e e n  a g a r a n t i b o d y g r e e n  a g a r a n t i b o d y
0 8 . 6 1 . 1  X 1 0 ^ 1 .1  X 10® 8 . 6 2 . 4  X 10^ 1 . 1  X 10®
8 7 , 4 l . l  X 1 0 ^ 1 . 1  X 1 0 ® 7 . 5 2 . 4  X 10® 1 .1  X 10®
14 7 . 1 1 . 5  X 10® 4 . 6  X 10® 7 . 2 4 . 6  X 10® 4 . 6  X 10®
28 6 , 9 4 . 0  X lO"^ 9 . 3  X 10^ 7 . 0 2 . 4  X 10® 2 . 6  X 1 0 ®
36 7 . 0 4 . 3  X lo"^ 9 , 3  X lO"^ 6 . 9 1 . 0  X 1 0 ^ 1 . 5  X 10®
49 6 . 9 2 . 1  X 1 0 ^ 1 . 1  X lo"^ 6 . 9 2 . 1  X 1 0 "* 1 , 5  X lo"^
63 6 . 9 1 . 5  X 10"^ 1 . 1  X lo'* 6 . 9 3 . 9  X 10^ 1 . 0  X lo"^
89 6 . 9 — 1 , 1  X 1 0 '^ 6 . 9 9 , 3  X 10® 1 . 0  X lo'^
118 6 . 9 1 . 0  X 1 0 ^ 1 . 1  X 1 0 ^ 6 . 9 9 . 0  X 10® 1 . 1  X lo"^
44 -
The s u r v i v a l  o f  Salm onel 1 a d n b l i  n in  p ig  ex creme ni.
Some o f  t h e  c e l l s  o f  d u b l i n  i n o c u l a t e d  i n t o  t h e  s l u r r y  in 
e x p e r i m e n t  I s u r v i v e d  a s  l o n g  ns  334 davs  ( I ’i g .  4 ,  T a b l e  o ) .  The 
d e a t h  r a t e ,  h o w e v e r ,  was  n o t  c o n s t a n t  t h r o u g h o u t  t l i i s  p e r i o d .
90 p e r  c e n t  o f  t h e  i n o c u l a t e d  c e l l s  a p p e a r e d  t o  d i e  d i i r i  ng i lie f i r s t  
m o n th ,  b u t  t l ie 90 p e r  c e n t  r e d u c t i o n  t ime o f  t h e  r e m a i n i n g  c e l l s  was 
i n  e x c e s s  o f  two m o n t h s .  The pH v a l u e  o f  t h e  si  lU’ ry  f e l l  f rom 8 . 7  
to  6 . 5  d u r i n g  t h e  f i r s t  35 d a y s ,  b u t  r e t u r n e d  to n e u t r a l  by day 42,.
I t  t h e n  r e m a i n e d  n e u t r a l  f o r  t h e  n e x t  292 d a y s .
Tho two s u r v i v o r  c u t v e s  ( I ' i g .  5 ,  T a b l e  6 ) o b t a i n e d  i n  e x p e r i m e n t  
IT w e re  s i m i l a r  to  e a c h  o t h e r  and to  t,lie s u r v i v o r  c u r v e  o f  E x p e r im e n t  
1 d u r i n g  t h e  f i r s t  118 d a y s ,  90 p e r  c e n t  o f  t h e  i n o c u l a t e d  c e l l s ,  i n  
b o t h  s a m p l e s  o f  s l u r r y ,  a p p e a r e d  to  d i e  d u r i n g  tlie f i r s t  monfh,  w h e r e a s  
o n l y  90 p e r  c e n t  o f  t h e  r e m a i n i n g  c e l l s  d i e d  d u r i n g  t h e  f o l l o w i n g  
t h r e e  m o n t h s .  The pll v a l u e  o f  b o t h  t h e  t h i c U  and t h i n  s I uiT-\- saap.il e s  
i n  e x p e r i m e n t  IT showed s i n i i l e r  cfia n g e s  t o  e a c h  o t i r  r  and to t i e  
c h a n g e s  i n  e x p e r i m e n t  I .  Thus  no d i f f e r e n c e  in  the  d e a t h  r a t e  o f  
d u b l  i n , or  c h a r g e s  i n  t h e  pH v a l u e  o f  t h e  s l u r r y ,  w e r e  a p p a r e n t  
a s  a r e s u l t  o f  t h e  d i f f e r e n c e s  i n  s u s p e n d e d  s o l i f i s  c o n c e n t r a t i o n .  
S i m i l a r l y  t h e  s l i g h t l y  l o w e r  s t o r a g e  t e m p e r a t u r e  of  ex j i er im en L  I I .  
when compared  w i t h  e x p e r im e  n t  1 , had no a p n a r e n i  e f f e c t  on t h e  s u r v i v a l  
0 f  S,  d u b l i  n „
The d i f f e r e n c e s  i n  t h e  d e a t h  r a t e  o f  d uli t i n d u r i  ng t h e  f i r s t  
m o n th ,  a s  conmared w i t h  t i n  r e m a i n i n g  s t o r a g e  (let ' iocl,  ma\ have been 
due t o  i n s u f f i c i e n t  d a t a ,  o r  t h e  e r r o r s  i n v n l v e d  u s  iTig a d e c im a l  
d i l u t i o n  s e r i e s  to m e a s u r e  n i l e c im a l  r e d u c t i o n  o f  v i a b l e  c e l l s ,  i n  
t h e  hfPN d e to r in i  na f i 0  n s ,  a n d / o r  I lie su d d en  cluinge in  tdie e nvi roniiiont 
o f  t h e  S. d u b l  i n , f rom a p u r e  c u l t . u r e  on n u t r i e n t  b r o t h  a t  3 l / ' c  to a 
m ixed  m i c r o b i a l  h a b i t a t  in  s l u r r v  a t
FIGTÎliE 6
Expor i  ment  TTI 
S u r v i v o r  c \ i r \ ro , w i t h  95 p o r  c o n t  c o n f i d e n c e  l i m i t s ,  f o r  
S ni iiio n e 1 1 a d uh 11 n I n o c u l a t e d  i n t o  F r e s h  pip: e x c r e m e n t  s t o r e d  
o n n e r o h i  c o l l y  a t  15^C,  and c o n t i n u o u s l y  m i x e d , and c u r v e  o f  
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TAIîLL’ 7
The s u r v i v a l  o f  S .  d u b l I n , a f t e r  i n o c u l a t i o n  i n t o  p i p  e x c r e m e n t  and 
t h e  pH Vîxlue o f  t h e  e x c r e m e n t  w h i c h  was  c o n t i n u o u s l y  m ixed d u r i n g  
s t o r a g e  a t  1 0 ^ C.
TABLE 7
P l a t e  c o u n t  o f  S .  d u b l i n  i n  b r o t h  c u l t u r e
V i a b l e  u n i t s / c m ^
3 . 0  X 10^
E x p e c t e d  c o n c e n t r a t i o n  o f  S .  d u b l i n  i n  
e x c r e m e n t  a t  s t a r t  o f  e x p e r i m e n t  ( d a y  O) 3 . 0  X 10^
Day pH B r i 1 Î i a n t  g r e e n  a g a r
3. d u b l i n  
M o d i f i e d  b i s m u t h  s u l p h i t e
0 8 . 6 2 , 1  X 1 0 ^ -
1 7 . 1 1 , 4  X 10® —
7 6 . 3 1 , 5  X 10® 1 . 2  X 1 0 ®
14 6 . 3 2 . 7  X 10® 2 . 7  X 10®
2 1 6 . 3 1 . 8  X 1 0 ® 1 . 8  X 1 0 ®
28 6 . 3 7 . 1  X 10^ 7 . 1  X lo"*^ ^
35 6 . 3 7 . 6  X lO'^
riGUIîE 7 
E x p e r i m e n t  IV
S u r v i v o r  c u r v e ,  w i t h  05 p e r  c e n t  c o n f i d e n c e  l i m i t s ,  f o r
Salii-'Onel In  t i u h l i n  i n o c u l a t e d  i n t o  f r e s h  p i g  ex c re m e  ni s t o r e d
n n a e r o b  i e a l  l y  a t  1 5 ^ 0 ,  in  an urwi ixcd s t a t e ,  i n  s e v e r a l  

















The s u r v i v a l  o f  S .  d u b 1 i n , a f t e r  i n o c u l a t i o n  i n t o  p i g  e x c r e m e n t  
and pH v a l u e  o f  t h e  e x c r e m e n t  d u r i n g  s t o r a g e  a t  15 C.
Numbers  o f  v i a b l e  S .  d u b l i n  i n  2 1 s t o r a g e  v e s s e l
II
TABLE 8
P l a t o  c o u n t  o f  S .  d u b l i n  i n  b r o t h  c u l t u r e
V i a b l e  u n i  s / cm ^
2 . 0  X 1 0 ^
E x p e c t e d  c o n c e n t r a t i o n  o f  S.  d u b l i n  i n  
e x c r e m e n t  a t  s t a r t  o f  e x p e r i m e n t  ( d a y  O)
6 . 0  X 1 0 ■’
KfPN S.  d u b l i n
B r i l l i a n t  g r e e n  a g a rDay M o d i f i e d  b i s m u t h  s u l p h i t e
4 . 5 ' X 10
X 10 10
7 . 4 X 1 0
1 0 10











A l t e r n n t i v e l y ,  t h e  ch a n g e  i n  d e a t h  r a t e  may h a v e  b een  a s s o c i a t e d ,  
i n  some way,  w i t h  t h e  m e t a b o l i c  a c t i v i t y  o f  o t h e r  m i c r o - o r g a n i s m s  
i n  t h e  s l u r r y ,  a s  r e f l e c t e d  by c h a n g e s  i n  t h e  pTl v a l u e  o f  llie s l u r r y .  
D u r i n g  t h e  p e r i o d  o f  h i g h  a c i d  p r o d u c t i o n  90 p e r  c e n t  o f  t h e  i n o c u l a t e d  
c e l l s  i n  e x p e r i m e n t s  I and I I  f a i l e d  t o  s u r v i v e .
The e f f e c t  o f  m i c r o b i a l  f e r m e n t a t i o n s  d u r i n g  s t o r a g e  o f  p i g  e x c r e m e n t  
on S a l m o n e l l a  d u b l i n s u r v i v a l
I n  e x p e r i m e n t  I I I  t h e  pH v a l u e  of t h e  s lu rrv^  f e l l  f r om  8 . 7  t o  6 . 3  
d u r i n g  t h e  f i r s t .  48  h and t h e n  r e m a i n e d  a t  t h i s  a.cid l e v e l .  No 
s a l m o n e l l o e  w e r e  p r e s e n t  i n  t h e  f r e s h  s l u r r y  b e f o r e  i r i o c u l a t . i o n  w i t h  
S,  d u b 1 i n . F o l l o w i n g  i n o c u l a t i o n  t h e  numbers  o f  d u h 1 i n  i n c r e a s e d  
s l i g h t l y  diu’ ing tlie  f i r s t  48 h ,  b u t  t h e n  d e c l i n e d  d u r i n g  the  n e x t  
34 d a y s  ( F i g .  6 , T a b l e  7 )  more r a p i d l y  t h a n  i n  t h e  e a r l i e r  e x p e r i  m ^ n t s . 
The e x p e r i m e n t  was s t o p p e d  on day 36 when 9 9 . 8  p e r  c e n t  o f  t h e  i n o c u l a t e d  
c e l l s  a p p e a r e d  to h a v e  d i e d .
C o n t i n u o u s  a g i t a t i o n  o f  t h e  s l u r r y  p r o v i d e d  a d i  f f o r e n t  e n v i r o n m e n t  
f r om  t h a t  i n  t h e  u nm ixed  s t o r a g e  v e s s e l s  and t h i s  a p p a r e n t l y  d i s t u r b e d  
t h e  normal  s e q u e n c e  o f  m i c r o b i a l  f e r m e n t a t i o n s .  T h e r e f o r e ,  in t h e  
f o u r t h  e x p e r i m e n t ,  s m a l l  s a m p l e s  o f  s l u r r y  were  l e f t  u n d i s t u r b e d  
d u r i n g  s t o r a g e  and t h e  2  1 s a m p l e s  we re  o n l v  mi xed at  m o n t h ly  i n t e r x ' a l s .  
The r e s u l t s  o f  t h i s  e x p e r i m e n t  ( F i g  7,  T a b l e  8 ) showed a s l i g h t  i n c r e a s e  
i n  t h e  n um bers  o f  d u b l i n  d u r i n g  t h e  f i r s t  48 h s t o r a g e ,  b u t  by dav 23 
t h e  c o n c e n t r a i  io  n o f  S.  dub l  i n  r e m a i n i n g  i n  t h e  s i  u r r y  I'ep  r e s e n t e d  o n l y  
1 0  p e r  c e n t  of  t h e  i n i t i a l  c o n c e n t r a t i o n .  D u r i n g  th.e lu^xt 37 d a y s  th?
90 p e r  c e n t  r e d u c t i o n  t i m e  o f  file r e i r a i n i n g  c e l l s  was npproxi.im} t e l y  
60 d a y s . The d e t e r m i n a t i o n s  o f  MPN and n e a s u r e m e u t  o f  pH v a l u e s  o f  
t h e  2  1 s a m p l e s  ( T a b l e  8 ) d e m o n s t r a t e  t h a t  t h e  r e d u c e d  vo lum e o f  s l u r r y
FIGHRT-: 8 
E x p e r i n c u t  V
S u r v i v o r  euj 'VG,  w i t h  95 p e r  c e n t  c o n f i d e n c e  l i m i t s ,  f o r  
S a l m o n e l l a  d u b l i n  i n o c u l a t e d  i n t o  28 d ay  o l d  e x c r e m e n t ,  
s t o r e d  a n a e r o b i c a l l y  a t  15^C i n  an unmixed  s t a t e ,  a n d  c u r v e  
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PER CENT SURVIVORS
TABLE 9
Tlie s u r v i v a l  o f  S« du b l i n , a f t e r  i n o c u l a t i o n  i n t o  p i g  e x c r e m e n t  
p r e v i o u s l y  s t o r e d  f o r  28 d a y s  a t  15^C,  a n d  t h e  pH v a l u e  o f  t h e  
e x c r e m e n t  d u r i n g  s t o r a g e  a t  15^C,
* Number p f  v i a b l e  S .  d u b l i n  i n  2 1 s t o r a g e  v e s s e l .
TABLE 9
P l a t e  c o u n t  o f  S . d u b l i n  i n  b r o t h  c u l t u r e
V i a b l e  u n i t s / c m ^
2 . 3  X 10^
E x p e c t e d  c o n c e n t r a t i o n  o f  S ,  d u b l i n  i n  
e x c r e m e n t  a t  s t a r t  o f  e x p e r i m e n t  ( d a y  O) 1 . 5  X 10^
Day pH
MPN
B r i l l i a n t  g r e e n  a g a r
S .  d u b l i n
M o d i f i e d  b i s m u t h  s u l p h i t e
- 2 8 8 , 8 0 0
0 6 , 9 1 . 8  X 10^ 1 . 8  X 10^
2 - 1 . 8  X 10^ 2 . 0  X 10?
7 6 . 9 1 . 8  X 10^ 1 . 3  X 10^
9 — 1 . 1  X 10^ 1 . 3  X 10^
13 7 . 0 9 . 2  X 10^ 5 . 5  X 10®
.16 - 1 . 3  X 10^ 6 . 4  X 10®
20 7 . 0 1 , 1  X 10^ 6 . 4  X 10®
23 — 6 . 5  X 10^ 7 . 4  X 10®
27 7 . 0 7 . 7  X 10*^ 6 . 5  X 10®
30 — 7 . 7  X 10® 6 . 5  X 10®
34 6 . 9 3 . 5  X 10® 3 . 5  X 10®
37 - 8 , 0  X 10® 5 . 5  X 10®
40 6 . 9 3 . 8  X 10® 4 . 6  x l O ®
43 — 3 . 1  X 10® 6 . 6  X 10®
47 6 . 9 3 . ;  X 10® 5 . 5  X 10®
50 - 3 . 1  X 10® 3 . 7  X 10®
54 6 . 8 2 . 9 x 1 0 ® 2 . 9  X 10®
61 - 2 . 2  X 10® 2 . 2  X 10®
68 6 . 8 6 . 4  X 10® 9 . 2  X 10®
75 - 6 . 4  X 10® 9 . 2  X 10®
82 6 . 9 6 . 4  X 10® 7 . 7  X 10®
82* 6 . 9 7 . 0  X 10® 7 . 0  X 10®
i  ( \
s t o r e d  d i d  n o t  a f f e c t  t h e  f e r m e n t a t i v e  a c t i v i t y  o f  t h e  i n i c r n b i a l  
p o p u l a t i o n ,  o r  t h e  s u r v i v a l  o f  d u b l i n .
When t i e  s u r v i v o r  and  pll c u r v e s  o f  t h i s  e x p e r i m e n t  a r e  com pared 
w i t h  t h o s e  o f  t h e  f i r s t  two e x p e r i m e n t s ,  t h e y  a r e  s e e n  to be s i  mi l o r .
The r e d u c t i o n  o f  t h e  95 p e r  c e n t  c o n f i d e n c e  1 Lmits  o f  t h e  MPN c o u n t s  
and t h e  i n c r e a s e d  f r e q u e n c y  of  e x a m i n a t i o n ,  c o n f i r m  t h a t  t t e  r a t e  o f  
d e c l i n e  o f  d u b l i n  was  g r e a t e r  d u r i n g  t lie f i r s t  month  of  s t o r a g e  
t h a n  d u r i n g  t h e  f o l l o w i n g  m o n t h s .  T h i s  r e s u l t  a l s o  c o n f i r m e d  th e
c o r r e l a t i o n  o f  t h e  pll  and s u r v i v o r  c u r v e s .
Tt was  s t i l l  p o s s i b l e  t h a t  t h e  h i g h  r a t e  o f  d e c l i n e  o f  v i a b l e  
dub 1 i n  d u r i n g  t l ie  f i r s t  m onth  a f t e r  t h e i r  i n o c u l a t i o n  i n t o  f r e s h  
s l u r r y  c o u l d  be  due t o  t h e  s u d d e n  ch a n g e  i n  t h e n '  envi  ro nm en t  and n o t
a s s o c i a t e d  w i t h  t h e  a c i d - p r o d u c i n g  f e r m e n t a t i o n s  o f  t h e  o t h e r  o r g a n i s m s
i n  the  s l u r r y ,
I n  e x p e r i m e n t  -V, f r e s h  s l u r r y  was  s t o r e d  f o r  28 d a y s  a t  15^C 
w h i c h  a l l o w e d  t h e  p e r i o d  o f  h i g h  a c i d  p r o d u c t i o n  to e n d ,  and. t l ie  a c i d s  
to  b e  n e u t r a l i s e d .  A f t e r  28 d a y s ,  when t h e  ph v a l u e  o f  the  s l u r r y  
was 7 , 0 ,  some o f  i-he s l u r r y  was c o n t a m i n a t e d  w i t h  S.  d u b l i n . No i n i t i a l  
i n c r e a s e  i n  t h e  num bers  o f  d u b l i n  o c c u r r e d  d u in ng the f i r s t  48 h 
and t i l e  r a t e  o f  d e c l i n e  of  t h e  i n o c u l a t e d  c e l l s  d u r i n g  (fie ne.vl, 82 d a y s  
was  f a i r l y  c o n s t a n t  ( P i g ,  8 ,  T a b l e  9)  , Tlii s r a t e  o f  d o c J i n e  o f  v i a b l e  
c e l l s  ( i . e .  90 p e r  c e n t  r e d u c t i o n  t i n e  o f  00 d a ^ s )  was s i m i l a r  1o t h e  
r a t e  o b t a i n e d  in  t h e  e a r l i e r  e x p e r i m e n t s  a i f t e r  t l ' e  f i r s t  montdi o f  
s t o r a g e ,  when t h e  pH v a l u e  had r e t u r n e d  to n e u t r a l .
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PART B. THE SHPVIVAIj OF E s c h e r i c h i a  c o l  i AND Sal  mo ne 11 a d u b l i n  DlllTNG 
AEROBIC BIOLOGICAL TREATMENT OF PIG EXChmENT
INTRODUCTION
A e r o b i c  b i o l o g i c a l  t r e a t m e n t  o f  p i g  e x c r e m e n t  was  u n d e r  i n v e s t i g a t i o n  
i n  tlie l a b o r a t o r y  a t  The West  o f  S c o t l a n d  A g r i c u l t u r a l  C o l l e g e  a s  a  
means  o f  r e d u c i n g  p r o b l e m s  o f  p o l l u t i o n  r e s u l t i n g  f r om  d i s p o s a l  of  
a n i m a l  e x c r e t a .  W h i l e  mos t  of  t h e  s t u d i e s  w e re  c o n c e r n e d  w i t h  p r o b l e m s  
o f  c h e m i c a l  p o l l u t a n t s ,  p r o b l e m s  o f  b a c t e r i a l  p o l l u t i o n ,  i n  p a r t i c u l a r  
t h e  p o s s i b l e  d i s s e m i n a t i o n  o f  p a t h o g e n s ,  w e re  a l s o  c o n s i d e r e d ,  and a r e  
d e s c r i b e d  i n  t h i s  r e p o r t .
Most o f  t h e  s t u d i e s  on t r e a t m e n t  w e r e  c o n d u c t e d  in  l a b o r a t o r y  
s c a l e  u n i t s .  The c o n t e n t s  of  t h e s e  u n i t s  were  n o r m a l l y  s c a l e d  from 
t h e  l a b o r a t o r y  a t m o s p h e r e .  However,  due  t o  t h e  n a t m ’e of  p i g  e x c r e m e n t ,  
i t  was  n o t  a l w a y s  p o s s i b l e  t o  p r e v e n t  t h e  b l o c k a g e  o f  t u b e s  wh ich 
s o m et im es  r e s u l t e d  i n  t u b e  c o u p l i n g s  b r e a k i n g  airl t h e  c o n s e q u e n t  
r e l e a s e  o f  a e r o s o l s .
Because  o f  t h e  d a n g e r s  t o  h e a l t h  of  l a b o r a t o r y  s t a f f  from 
i n f e c t i v e  a e r o s o l s ,  i t  was  i m p r a c t i c a l  t o  r e g u l a r l y  feed s a l m o n e l l a  
i n f e c t e d  s l u r r y  to the l a b o r a t o r y  a e r o b i c  i r o n t m e n t  u n i t .  T h e r e f o r e ,  
p r e l i m i n a r y  s t u d i e s  were  made on the  s u r v i v a l  o f  co 1 i d u r i n g  a e r o b i c  
t r e a t m e n t  of p i g  e x c r e m e n t  a t  d i f f e r e n t  BOD l o a d i n g  r a t e s  and o p e r a t i n g  
t e m p e r  a t u  r e s . A fu i ’t h e r  a d v a n t a g e  was o b t a i n e d  in t h a i  P. co I i was 
n a t u r a l l y  p r e s o n  t in tlie e x c r e m e n t  w h e r e a s  t l i e r e  was no n a t u r a l  
i n f e c t i o n  by s a l m o n e l l a e  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d .  In p r a c t i c e ,  
t h e  r a t e  o f  l o a d i n g  t t ie t r e a t m e n t  u n i t  was m eas u r ed  1>y the  s u s p e n d e d  
s o l i d s  i n p u t . F o r  t t r l s  r e a s o n  t i 'o  l o a d i n g  r a t e  i s  e x p r e s s e d  a s  g 
s u s p e n d e d  s o l i d s / g  mixed  l i q u o r  s u s p e n d e d  s o l i d s  (g  S S / g  MLSS). The 
BOD l o a d i n g  r a t e  was appuo xi  ma t e l y  0 , 4  i i m e s  t h e  s u s p e n d e d  s o l i d s
TABLE 10
Numbers o f  E s c h e r i c h i a  c o l i  i n  s l u r r y  f e d  t o  t h e  a e r o b i c  t r e a t m e n t  
u n i t  and i n  t h e  a e r a t i o n  v e s s e l  d u r i n g  t h e  o p e r a t i o n  o f  t h e  u n i t  
a t  d i f f e r e n t  l o a d i n g  r a t e s .
TABLE 10
E ,  0 0 l i
L O A D I W  H AT E F E E D  . M I X E D  L I Q U O R S O L I D S S U P E H M T A N T
g S S / g m L S S
v i a b l e
w n i t s / g S 8
v i a b l e
u n i t s / g S S
v i a b l e  
u n i t s /  g S S
v i a b l e  ^ 
u n i t  s / c m
3 . 0 X 1 0 ® “  ^ 2 . 0  X lo"^ -
3 . 0 X i o ® 9 * 8  X 1 0 ® 4 . 2 X 1 0 ^
0 . 1 0 3 . 0 X 1 0 ® 1 . 4  X lo"^ 4 . 4 X 1 0 ^
5 . 0 X 1 0 ® 2 , 5  X j q 4 1 . 0 X  1 0 ^
6 . 0 X 1 0 ® ■M 3 . 1  X lo"^ 4 . 8 X 1 0 ^
■ 3 . 3 X 1 0 ® 4 . 6  X 1 0 ®
0 . 2 5
3 . 2 X 1 0 ® 4 . 6  X  1 0 ®
7 . 0 X 1 0 ® 1 . 4  X  1 0 ? mm
0 . 3 0 4 . 2 X 1 0 ®
6
1 . 7  X l o " -
3 . 9 X 1 0 ® 2 . 7  X 1 0 ® mm
2 .  8 X 1 0 ^ m 4 , 6  X l o ' ^ 5 , 5 X 1 0 ®
0 . 1 0 2 . 8 X 1 0 ® - 2 , 1  X 1 0 ® 1 . 1 X 1 0 ^
1 . 3 X 1 0 ^ M 3 . 4  X 1 0 ® (■H
1 . 8 X 1 0 ® 8 . 0  X 1 0 ® 1 . 3 X 1 0 ^
1 , 6 X 1 0 ^ - 6 . 1  X 1 0 ® ‘ 1 . 7 X 1 0 ^
0 . 2 0 7 . 5 X 1 0 ® - 3 . 0  X 1 0 ® 6 . 0 X 1 0 ®
1 . 0 X 1 0 ^ 4 . 4  X 1 0 ® 1 . 0 X 1 0 ®
1 . 8 X 1 0 ^ mm 3 . 7  X lO'"^ 2 . 5
p
X 1 0
4 . 5 X 1 0 ® — 3 . 1  X 1 0 ® 5 . 5
p
X 1 0 “
I-
l o a d i n g  r a t e .  The r e s i d e n c e  t i m e s  o f  t h e  s o l i d s  and s n p e r n a t a n t  a r e  
e s t i m a t e d  f r o m  t h e  s o l i d s  l o a d i n g  r a t e  and th.e d i l u t i o n  r a t e  o f  t h e  
b a c t e r i a l  f l o e .
The c o n c e n t r a t i o n  o f  B. c o l i  i n  t h e  s l u r r y ,  f e d  t o  t h e  c o n t i n u o u s  
t r e a t m e n t  u n i t ,  an d  i n  t h e  m ixed  l i q u o r ,  or  t h e  f l o e  and s u p e r n a t a n t  
o f  t h e  m i x e d  l i q u o r ,  i n  t h e  a e r a t i o n  c h a m b e r ,  was e s t i m a t e d  on s e v e r a l  
o c c a s i o n s .  From t h e s e  r e s u l t s  an  e s t i m a t e  of  t h e  c h a n c e s  o f  K. c o l i  
s u r v i v i n g  a e r o b i c  b i o l o g i c a l  t r e a t m e n t  o f  p i g  e x c r e m e n t  was c a l c u l a t e d .
Having d e t e r m i n e d  t h e  a p p r o x i m a t e  r a t e  o f  d e c l i n e  o f  c o l i  
d u r i n g  a e r o b i c  t r e a t m e n t ,  a s i n g l e  i n o c u l u m  of  a b r o t h  c u l t u e  o f  
S ,  d u b l i n  was  adde d  t o  t l ie  mixed l i q u o r  i n  t h e  a e r a t i o n  ch a m b er .
The number  o f  s u r v i v o r s  o f  d u b l i n  i n  t h e  s l u d g e  f l o e s  and t h e  
s u p e r n a t a n t  o f  t h e  m ixed  l i q u o r  was t h e n  m e a s u r e d  d a i l y  f o r  10 d a y s .
A t  t l ie  t i n e  o f  t h i s  e x p e r i m e n t ,  t h e  t r e a t m e n t  u n i t  was  o p e r a t i n g  
a t  5^C and a l o a d i n g  r o t e  o f  0 . 1 5  g S S / g  MLSS g i v i n g  n s o l  i d s  r e s i d e n c e  
t i m e  i n  e x c e s s  o f  15 d a y s .  The pH v a l u e  o f  t h e  mixed l i q u o r  was 
c o n t r o l l e d  a t  7 , 0  by t h e  a u t o m a t i c  a d d i t i o n  o f  0 ,1  N . Tlie MPN
o f  s a l m o n e l l a e  i n  a  sam ple  o f  m i x e d  l i q u o r  was e s t i m a t e d  b e f o r e  t h e  
e x p e r i  m en t  conmienced.
RESULTS
The s u r v i v a l  o f  E s c h e r i c h i a  c o l i  d u r i n g  a e r o b i c  b i o l o g i  c a l  l i ' e a tmonl ,  
o f  p i g  e x c r e m e n t
The c o n c e n t r a t i o n  o f E . c o l i  i n  s a m p l e s  o f  s l u r r y  fed  to tlie 
t r e a t m e n t  u n i t  , mixed  l i ( | u o r ,  s e t t l e d  s l u d g e  and s u p e r n a t a n t , ,  examined  
a t  v a r i o u s  t i m e s  d u r i n g  t h e  o p e r a t i o n  o f  t h e  a e r o b i c  b i o l o g i c a l  t reni i iK’nt. 
u n i t  a t  di  f f e r o n t  l o a d i n g  r o t e s  a r e  si'.own in  T a b l e  1 0 .  O t h e r  o p e r a t i n g  
c h a r a c t e r i s t i c s  o f  t h e  t r e a t m e n t  u n i t  and t h e  00 p e r  c e n t  r e d u c t i o n
TABLE 10 a
Red tic l i n n  tiir.c o f  E s c h e r i c h i a  c o l i  dnri  ng a e r o h i c  b i o l o g i c a l
t . r e a t i G c n t  o f  ] i ig  e x c r e m e n t .
* pi! v a l u e  o f  m ixed l i q u o r  c o n t r o l l e d  a t  7 . 1  hy a u t o m a t i c  
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DAYS
• 1 0
t i m e s  f o r  E.  c o l i , c a l c u l a t e d  f rom t h e  c o u n t s  o b t a i n e d ,  a r e  shov/n i n  
T a b l e  1 0 a .
The E,  c o l i  c o n c e n t r a t i o n s  were  e s t i m a t e d ,  a s  v i a b l e  u n i t s / f z  
s u s p e n d e d  s o l i d s ,  e x c e p t  i n  t h e  s u p e r n a t a n t  w h e re  t h e y  w e r e  assumed 
t o  be  f r e e  swimming and w e re  t h e r e f o r e  e s t i m a t e d  a s  v i a b l e  u n i t s / c m ' ^ .
Most  E.  c o l i  c e l l s  w e re  found a s s o c i a t e d  w i t h  t h e  s l u d g e  f l o e s  
and o n l y  low n u m b e rs  r e m a i n e d  i n  t h e  s u p e r n a t a n t .  A l t h o u g h  t h e  e f f e c t  
o f  pi! c h a n g e s ,  p r o t o z o a l  a c t i v i t y  e t c .  w e r e  n o t  i n v e s t i g a t e d ,  I,he 
r e s u l t s  do s u g g e s t  t h a t  t h e  c o n c e n t r a t i o n  of  E. c o l i  i n  t h e  r e s i d u a l  
s l u d g e  was  l a r g e l y  d e p e n d e n t  on t h e  l o a d i n g  r a t e  and on Uio t e m p e r a i u r e  
o f  the  m ixed  l i q u o r .
At  h i g h  l o a d i n g  r a t e s ,  l e s s  t h a n  90 p e r  c e n t  r e d u c t i o n  o f  v i a b l e  
E„ c o l i  o c c u r r e d .  The w i d e  v a r i a t i o n  i n  t h e  90 p e r  c e n t  r e d u c t i o n  
t im e  f o r  E.  c o l i  i n  t h e  mixed l i q u o r ,  i n c l u d i n g  an o p p n r e n I  i n c r e a s e  
i n  E , CO 1 i c o n c e n t r a t i o n  on one o c c a s i o n  (90 p e r  c e n t  r e d u c t i o n  t i m e ,  
m i n u s  13 d a y s )  , Avas p r o b a b l y  d u e  to t e c h n i c a l  e r r o r s  i n  the  o p e r a t i o n  
o f  tlte t r e a t  ment  u n i t ,  and in  the  m e thods  o f  s a m p l i n g  and co u n l . in g  
K. col  i
At tow l o a d i n g  r a t e s  t h e  90 p e r  c e n t  r e d u c t i o n  t i m e s  v a r i e d  
b e tw e en  7 and 20 d a y s .  The l o n g e r  t i m e s  w e re  found  a t  t h e  l o w e r  
o p e r a t i n g  c o n d i t i o n s  b u t  a g a i n  v a r i a t i o n  may ! ) 0  l a r g e l y  due to c o u n t i n g  
e r r o r s ,
The s u r v i v a l  o f  S a l m o n e l l a  d u b l i n  d u r i n g  a e r o b i c  b i o l o g i c a l  t r e a t m e n t  
o f  p i g  e x c r e m e n t
No s a l m o n e l l a e  w e r e  p r e s e n t  i n  1 he mixed l i q u o r  p r i o r  to i n o c u l a t i o n  
o f  S . d u b l i n . The s u r v i v o r  c u r v e s  o f  du hi i n  d u r i n g  t h e  t e n  d a y s  
f o l l o w i n g  i t s  i n o c u l a t i o n  i n t o  the  mixed l i q u o r  a r e  shown i n  I’i g .  9 ,
b O
The e x p e c t e d  i n i t i a l  c o n c e n t r a t i o n  of  _S. duh 1 i n  in t l i e  mixed 
l i q u o r  i r w n e d i a t e l y  f o l l o w i n g  t h e  a d d i t i o n  of t h e  c u l t u r e  to t h e  
a e r a t i o n  v e s s e l  was  3 , 5  x 10^ v i a b l e  u n i t s  p e r  ciii'  ^ ( o r  4 . 2  x 10^ v i a b l e  
u n i t s  p e r  g s u s p e n d e d  s o l i d s ) .
The number o f  S,  dub 1i n  i n  t h e  s u p e r n a t a n t  r a p i d l y  d e c l i n e d  d u r i n g
3
t h e  f i r s t  f o u r  d a y s  t o  l e s s  t h a n  10 v i a b l e  u n i t s  p e r  cm’ , The number 
o f  S ,  d u b l i n  i n  t h e  s l u d g e  d e c l i n e d  d u r i n g  the  f i r s t  t l i r ee  d a y s  to 
4 , 6  X 10'  ^ v i a b l e  u n i t s  p e r  g s u s p e n d e d  s o l i d s .  The r n t e  of  d e c l i n e  
i n  t h e  s l u d g e  t h e n  s low ed  down so that -  by day 10 t h e  c o n c e n t r a t i o n  
was  s t i l l  3 , 2  x  10^ v i a b l e  u n i t s  p e r  g s u s p e n d e d  s o l i d s .
A f t e r  a l l o w i n g  f o r  l o s s  o f  S .  d u b l i n  by e f f l u e n t  remova l  i he 
90 p e r  c e n t  r e d u c t i o n  t i n e  i n  t h e  s l u d g e  d u r i n g  t l ie  f i r s t  t h i ’ce d ay s  
was  one d a y .  D u r i n g  t h e  f o l l o w i n g  two d a y s  t h e r e  was no a p p a r e n t  
r e d u c t i o n  o f  v i a b l e  u n i t s .  B etwee n d a y  5 and 10 th e  00 p e r  c e n t  
r e d u c t i o n  rai-o was 12 d a y s .
- n
DISCUSSTON
The e f f e c t s  o f  a n a e r o b i c  f e r m e n t a t i o n  of p i g  excremenL on th e  s i n v i v o l  
o f  S a l m o n e l l a  d u b l i n
D e t a i l s  o f  t h e  a n a e r o b i c  d i g e s t i o n  o f  p i g g e r y  w a s t e  have been  
d e s c r i b e d  by Hobson and Shaw ( l 9 7 l ) .  W i t h i n  a few h o u r s  o f  e x c r o l i o n ,  
t h e  a c t i o n  o f  b a c t e r i a l  p ro  t e a s e s  r e l e a s e s  ammonia wl iich i n c r e a s e s  
t h e  pH v a l u e  o f  t h e  e x c r e m e n t .  T h i s  a c t i v i t y  i s  f o l l o w e d  by t h e  
f e r m e n t a t i o n  o f  c a r b o h y d r a t e s ,  to p r o d u c e  a m i x t u r e  o f  v o l . a i i l e  f a t t y  
a c i d s ,  e t h a n o l ,  c a r b o n  d i o x i d e  and h y d r o g e n , whic li  r e d u c e s  t h e  pU 
v a l u e  o f  t h e  w a s t e .  In  a  s econd  s t a g e ,  m e th an e  b a c t o r i a  m e t a b o l i s e  
t h e  v o l a t i l e  f a t t y  a c i d s  and t h e  pH v a l u e  r e t u r n s  to n e u t r a l .  He t h a n e  
b a c t e r i a  a r e  s l o w  g row ing  and me t l i a n o o e n e s i  a i s  i nh i b j  l e d  by hi 'Hi 
c o n c e n t r a t i o n s  o f  v o l a t i l e  f a t t y  a c i d s ,  so t h a t  i f  a c i d s  a c c u m u l a t e ,  
t h e  second s t a g e  i s  i n h i b i t e d  and tlie ]iH v a l u e  o f  t h e  was ( c  w i l l  
r e m a i n  a c i d i c .
The e x p e r i m e n t s  on tlie s m ' v i v a l  o f  c e l l s  o f  S .  didil  i n , i n o c u l a t e d  
i n t o  p i g g e r y  w a s t e ,  show t h a t  t h e  v i a b i l i t y  o f  t h e s e  c e l l s  a-as a f f e c t e d  
by t h e  p r o c e s s e s  o f  a n a e r o b i c  d i g e s t i o n .  In the  e x p e r i  iikmi t.s whore 
t h e  e x c r e m e n t  was s t o r e d  i n  an u n d i s t u r b e d '  s t n t . e  b o t h  s t a g e s  o f  
a n a e r o b i c  d i g e s t i o n  o c c u r r e d .  In  t h e  t h i r d  e x p e r i m e n l  I he  c o n t i n u o u s  
a g i t a t i o n  of  t h e  s l u r i - y  ap j io a r e d  to  i n h i b i t  me l h a n o g e n e s  i s , p r o b a b l y  
b e c a u s e  o f  on i n c r e a s e d  p r o d u c t i o n  o f  v o l a t i l e  f a t  tv  a c i d s .
I n  t l ie  f i r s t  s t a g e  o f  m i a o r o b i c  d i g e s t i o n  the  pH v a l u e  o f  t h e  
s l u r r y  f e l l  i.o n l )out  6 , 5  and u n d e r  t h e s e  c o n d i t i o n s  t h e  HH [;er c e n t  
r e d u c t i o n  t i n e  f o r  t h e  i n o c u l a t e d  S,  d u b l i n  c e l l s  was  a p p r o x i m a t e l y  
30 d a y s ,  Tlie i ne r e a s e  i n  S, d u b l i  n on some o c c a s i o n s  d iu- ing the  f i r s t  
48 h i s  pro!) a b l y  due i.o c o n t i n u e d  me t a b u  1 i sm o f  t h e  i n o c u l u m .  S i n c e  
s a l m o n e l l a e  a r e  n o t  n o r m a l l y  a f f e c t e d  by a pH v a l u e  o f  6 , 5  i n  p u r e
c u l t u r e  ( ? r o a t  and R e im ann ,  1 0 6 7 ) ,  i t  s ee m s  p r o b a b l e  i l i a t  the  l o s s
o f  v i a b l e  c e l l s  was due e i t h e r  t o  t h e  i n h i b i t o r y  e f l e c t s  o f  f e r m e n t a t i o n  
p r o d u c t s ,  s u c h  a s  v o l a t i l e  f a t t y  a c i d s ,  o r  a  l a b o r a t o r y  a r t i f a c t  due 
t o  a  s u d d e n  c h a n g e  i n  t h e  e n v i r o n m e n t  o f  t h e  S.  d u b l i n  c e l l s .  T h i s  
l a t t e r  p o s s i b i l i t y  may be  d i s c o u n t e d  b e c a u s e  when c e l l s  o f  S .  d u b l i n  
w e re  i n o c u l a t e d  i n t o  e x c r e m e n t  a f t e r  t h e  second  s t a g e  o f  a n a e r o b i c  
d i g e s t i o n  had commenced i n  e x p e r i m e n t  V, and t h e  pi) v a l u e  o f  t h e  s l u r r \ r  
h ad  r e t u r n e d  t o  n e u t r a l ,  i t  was found t h a t  t h e  r a t e  o f  d e c l i n e  of  t h e s e  
c e l l s  was i d e n t i c a l  t o  t h e  r a t e  o f  d e c l i n e  o f  t h o s e  c e l l s  w h ich  had 
s u r v i v e d  t h e  a c i d i c  s t a g e  o f  s t o r a g e  i n  t lie e a r l i e r  e x p e r i m e n t s  ( i . e .
90 p e r  c e n t  r e d u c t i o n  t i m e  "> 60 d a y s ) .
A l t h o u g h  s t o r a g e  t e m p e r a t u r e s  and s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n s  
o f  s a m p l e s  o f  p i g  e x c r e m e n t ,  s t o r e d  i n  t h e  l a b o r a t o r y ,  were  s i m i l a r  
t o  t h o s e  e x p e c t e d  on a f a r m ,  i t  i s  p o s s i b l e  t h a t  o t h e r  e n v i r o n m e n t a l  
c o n d i t i o n s  w i l l  i n f l u e n c e  t l i e  s u r v i v a l  o f  s a l m o n e l l a e  i n  an im a l  e x c r e t a .  
I n  s l u r r y  c h a n n e l s  and t a n k s ,  f r e s h  e x c r e m e n t  i s  f r e q u e n t l  y a d d e d ,  
t h u s  n o t  a l l  t h e  e x c r e m e n t  i s  o f  t l ie  same a g e .  I f  lh{‘ excrenioni ,  forms 
l a y e r s  wi l.h e a c h  a d d i t i o n  o f  f r e s h  m a t e r i a l  t h e n  a s i m i l a r  s e r i e s  o f  
r e n c l i o n s  to I h o s e  a l r e a d y  d e s c r i b e d  w i l l  o c c u r .  Tn a  mixed s l u r i ' y  
me t l ia no gcne  s i  s may be i n h i b i t e d  r e s u l t i n g  i n  c o n t i n u i n g  a c i d  c o n d i t i o n s ,  
o r  m o t h a n o g e n e s i s  w i l l  o c c u r  and n e u t r a l  c o n d i i i o n s  w i l l  predom i n a t e . 
T h e r e f o r e  i f  du I) I i n  w e re  i n o c u l a t e d  i n t o  a s l u r r y  r e s e r v o i r '  on a
fa r m  and i t s  s u r v i v a l  m o n i t o i ' e d ,  s u r v i v o r  c u r v e s  s i m i l a r  to l.liose 
o b t a i n e d  in  e x p e r i  m e n t s  1 o r  ITT o r  V may be e x p e c t e d .  The c u r v e  
o b t a i n e d  worrld p i ' o b a b l y  d ep en d  on the  s i z e  o f  tlie r e s e r v o i r  and on 
t  h.e a mo un t  o f  m i x i n g  o f th  e co n t e  n t  s .
5 1
The s u r v i v a l  o f  S a lm o n e l l a  d u b l i n  d u r in g  a e r o b ic  b i o l o g i c a l  t r e a tm e n t
o f  p i g  excrem en t
The i n i t i a l  r a p i d  l o s s  o f  S .  d u b l  i n , a f t e r  i n o c u l a t i o n  i n t o  t h e  
a e r a t i o n  cham ber  o f  t h e  l a l i o r a t o r y  t r e a t m e n t  u n i t ,  ma>' have been a 
r e s u l t  o f  i n o c u l a t i n g  a h i g h  c o n c e n t r a t i o n  o f  f r e e  swimming c e l l s  i n to  
th e  mixed  l i q u o r .  I t  i s  p r o b a b l e  t h a t  t h e r e  a r e  onl>" a l i m i t e d  number  
o f  s i t e s  a v a i l a b l e  on t h e  s l u d g e  f l o e s ,  f o r  t h e  a t t a c h m e n t  o f  t h e s e  
c e l l s ,  and t h a t  t h e  c e l l s  r e m a i n i n g  i n  t h e  s u p e r n a t a n t  were  t h e n  
open t o  r e m o v a l  by p r o t o z o a l  g r a z i n g .  I f  t h e  s a l m o n e l l a e  had  been 
p r e s e n t  i n  t h e  s l u r r y  b e f o r e  i t s  a d d i t i o n  t o  t l i e  a e r a t i o n  v e s s e l ,  
t h e n  t i e  h i g h  i n i t i a l  r a t e  o f  l o s s  o f  c e l l s  may n o t  have o c c u r r e d .
Once t h e  c e l l s  became a s s o c i a t e d  wi i.h t h e  s l u d g e  f l o e s  t h e y  w e re  
p r o b a b l y  p r o t e c t e d  and c o u l d  s u r v i v e  l o n g e r .
T h e r e f o r e ,  a l t h o u g h  S. dubl i n  a p p e a r e d  t o  d e c l i n e  a t  a s l i r h t l y  
f a s t e r  r a t e  t h a n  K. c o l i  i n  t h e  f l o e s  o f  t h e  a e r o f i i c  mixed  l i q u o r ,  
a t  a s i m i l a r  l o a d i p g  r a t e  and o p e r a t i n g  t e m p e r a t u r e ,  t h e s e  d i f f e r e n c e s  
a r e  p r o b a b l y  n o t  s i g n i f i c a n t .
5-1
S E C T I O N  I I
TUE BACTERIAL POLLUTION OF LAND DRAINAGE WATER
INTRODUCTION
The r e s u l t s  o b t a i n e d  i n  S e c t i o n  I  s u g g e s t  t h a t  i f  v i a b l e  sa l inone 11 ae  
a r e  e x c r e t e d  w i t h  p i g  f a e c e s ,  t h e n  a s i g n i f i c a n t  n u m b er  of  t h e s e  c e l l s  
a r e  l i k e l y  t o  r e m a i n  v i a b l e  d u r i n g  a n a e r o b i c  s t o r a g e  a n d / o r  a e r o b i c  
b i o l o g i c a l  t r e a t m e n t .  A l t h o u g h  l i t t l e  i s  known a b o u t  t h e  p a t h o g e n i c i t y  
o f  s a l m o n e l l a e  a f t e r  p r o l o n g e d  a n a e r o b i c ,  o r  a e r o b i c ,  s t o r a g e ,  t h e  
e x c r e m e n t  f ro m  i n f e c t e d  a n i m a l s  m u s t  be  c o n s i d e r e d  a  p o t e n t i a l  d a n g e r  
t o  h e a l t h .
I n v e s t i g a t i o n s  w e r e  t h e r e f o r e  c a r r i e d  o u t  t o  d e t e r m i n e  [he f a c t o r s  
w h i c h  i n f l u e n c e  t h e  p a s s a g e  o f  b a c t e r i a  t h r o u g h  s o i l  i n t o  land  d r a i n a g e  
w a t e r ,  t h u s  i n c r e a s i n g  t h e  l e v e l s  o f  b a c t e r i a l  p o l l u t i o n  of  w a t e r  
c o u r s e s .
'IVUU.E 11 ■ ;
S o i l  a n a l y s i s  o f  Uio e x p e r i m e n t a l  p a s i n r e ,  h r ick rr^w .
• -i -
A f t e r  v i s u a l  i n s p e e t i o n  o f  t h r e e  s i t e s  o f  th e  p a s t u r e ,  a s e t  of 
s o i l  s a m p l e s  o f  one p r o f i l e  w e re  t a k e n  from a  s i t e  in  t lie m i d d l e  
o f  t h e  p a s t u r e .
+ mg p e r  100 g a i r  d r i e d  s o i l ,
TABLE 11
D e p t h ,  pm P r o f i l e  D e s c r i p t i o n
0 - 2 9  
29 -  51 
51 -  57 
57 -  69
69 -  86
R e d d i s h  b rown  loam
L i g h t  brown l e a c h e d  a r e a ,  low c l a y  c o n t e n t ,  few s t o n e s  
M o t t l e d  a r e a ,  h i g h e r  c l a y  c o n t e n t
Mixed m a t e r i a l ,  some m o t t l e d ,  some g r e y  s a n d y  m a t e r i a l  
an d  some c l a y
More g r e y  s a n d y  m a t e r i a l
M e c h a n i c a l  Anal y s i s
D e p t h ,  cm 0 - 2 9 29 -  51 51 -  57 . 5 7 - 6 9 69 -  86
Sand 6 0 . 6 9 7 0 . 3 3 5 8 . 8 6 6 0 . 3 7 6 1 , 2 4
S i l t 1 2 . 8 0 8 . 7 4 1 1 .7 1 1 2 . 5 2 1 1 . 3 2
C l a y 2 2 . 9 6 2 0 . 9 3 2 5 . 8 3 2 3 . 8 1 2 2 . 2 4
pll 6 , 5 5 6 , 0 0 6 . 1 0 6 . 3 0 6 . 3 5
2 . 0 1 . 0 0 . 3 0 . 4 0 . 3
5 . 0 2 . 0 4 . 0 4 . 0 6 . 0
M o i s t u r e 1o 1 . 6 1 . 6 0 . 9 0 . 9 1 . 0
L o ss  on 
I g n i t i  on $
8 . 3 6 . 1 3 . 6  . 3 . 3 3 .2
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MATERIALS AND METIiODS 
The e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w
D r a i n a g e  w a t e r  was  o b t a i n e d  f r om  t h e  s u h - s m ' f o . c e  d r a i n a g e  tem 
o f  a  p a s t u r e  a t  t h e  Animal  H u s b a n d r y  E x p e r i m e n t a l  U n i t ,  The West  of  
S c o t l a n d  A g r i c u l t u r a l  C o l l e g e ,  B r i c k r o w ,  A u c h i n c r u i v e ,  A y r s h i  r e  
( G r i d  r e f .  NS 3 8 2 4 ) ,  The p a s t u r e  was  b e l i e v e d  t o  c o n t a i n  an  e x t e n s i v e  
n e t w o r k  o f  d r a i n s ,  c o n s i s t i n g  o f  u n g l a z e d  p o r c e l a i n  s e g m e n t s  r e s t i n g  
on s l a t e  b a s e s .  They  w e r e  p r o b a b l y  i n s t a l l e d  soinet ime d u r i n g  t h e  
f i r s t  h a l f  o f  t h e  1 9 t h  c e n t u r y .  The m a in  d r a i n  was  i n t e r r u p t e d  a t  
t h e  l o w e s t  p a r t  o f  t h e  p a s t u r e  t o  i n s t a l l  i n s t r u m e n t s  f o r  r n e o s u r in g  
t h e  flcRV r a t e  o f  t h e  d i s c h a r g e  and f o r  s a i n p l i n g .  The a c t u a l  l o c a t i o n  
and d e p t h  of  t h e  d r a i n s  t l i r o u a b o u t  t h e  p a s t u r e  was unknown.  At  t h e  
s a m p l i n g  p o i n t  h o w e v e r ,  t h e  d r a i n  was  fo u n d  t o  b e  90 cm b o l o ’-v t h e  
s u r f a c e  o f  t h e  p a s t u r e .  V i s u a l  i n s p e c t i o n  o f  t h e  pa s t o r e  and w a t e r  
d i v i n i n g  s u g g e s t e d  t h a t  an a r e a  o f  l a n d  a b o u t  100 ni by  65 m ( 0 . 6 5  ha )  
was d r a i n e d  by  a  s e r i e s  o f  l a t e r a l  t i l e  d r a i n s  c o n n e c t i i n t o  t h e  
m a in  d r a i n .
A n a l y s i s  o f  t h e  s o i l  down t o  one  l o e t r e  d e p t h ,  c a r r i e d  o u t  by 
t h e  C h e m i s t r y  D e p a r t m e n t ,  Tlie West  o f  S c o t l a n d  Agi-ic i i l  I ui'al. C o l l e g e ,  
showed t l i e  t o p  s o i l  to bo a s a n d y  c l a y  loam o f  a v e r a g e  f e r  I i l  i t y  an d  
t h e  p r o f i l e  i n d i c a t e d  t h a t  t h e  s o i l  was  a member o f  t h e  Bargower  
s e r i e s .  D e t a i l s  o f  t h e  s o i l ■a n a l y s i s  a r e  g i v e n  i n  T a b l e  TI.  Such 
s o i l s  a r c  d e s c r i b e d  a s  i m p e r f e c t l y  d r a i n i n g ,  t h i s  m e a n s  t i n t  m o s t  of  
t h e  w a t e r  f a l l i n g  on t h e  l a n d ,  which i s  not .  l o s t  by cv o p e r a  Li on o r  
t r a n s p i r a i  i o n ,  i s  r e t a i n e d  i n  t h e  s o i l ,  Tt  i s  t h e r e f o r e  n e e o p s a r y  to 
i n s t a l l  f i e l d  d r e i  reige s v s t e m s  i n  s u c h  s o i l s  t o  re move t h e  exce .ss  w a t e r
TABLE 12
E s t i m a t i o n  o f  t h e  a r e a  o f  t h e  p a s t u r e  h y  c o m p a r i s o n  o f  t h e  
q u a n t i t y  o f  w a t e r  d i s c h a r g e d  f rom  t h e  f i e l d  d r a i n s  w f t h  t h e  
amount  p r e c i p i t a t e d ,  w i t h  c o r r e c t i o n  f o r  p o t e n t i a l  t r a n s p i r a t i o n ,
P o t e n t i a l ,  t r a n s p i r a t i o n  f i g u r e s  f r o m  ( M i n i s t r y  o f  A g r i c u l t u r e ,  
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TABLE 13
The înamigemen i  o f  t h e  e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w ,  d u r i n g  t h e  
summer o f  1 9 68 .
TABLE -13
D a te
Number o f  A n im a l s  
G ra zed M a n u r in g
8 /  5 / 6 8  -  1 6 /  5 / 6 8 11
1 /  7 / 6 8  -  6 /  7 / 6 8 34
1 0 / 7 / 6 8 22 m'^/ha S l u r r y
3 1 /  7 / 6 8  -  2 /  8 / 6 8 34
2 / 8 / 6 8 504 k g / h a  N i t r o - c h a l k
1 9 /  8 / 6 8  -  2 1 /  8 / 6 8 34
1 4 / 1 0 / 6 8  -  1 5 / 1 0 / 6 8 11
D u r i n g  t h e  g r o w i n g  s e a s o n  ea ch  y e a r  t h e r e  was  no d i s c h a r g e  o f  
w a t e r  f r o m  t h e  d r a i n a g e  s y s t e m ,  e x c e p t  a f t e r  p a r t i c u l a r l y  h e a v y  
r a i n f a l l .  T h i s  w as  p r e s u m a b l y  due t o  t h e  r a t e  o f  é v a p o t r a n s p i r a t i o n  
b e i n g  g r e a t e r  t h a n  t h e  r a t e  o f  p r e c i p i t a t i o n .  T h e r e f o r e  w a t e r  s a m p l e s  
c o u l d  o n l y  b e  c o l l e c t e d  and a n a l y s e d  d u r i n g  t l i e  w i n t e r .
The am oun t  o f  p r e c i p i t a t i o n ,  t h e  t o t a l  q u a n t i t y  o f  w a t e r  d i s c h a r g e d  
f r o m  t h e  d r a i n a g e  s y s t e m  and t h e  e s t i m a t e d  p o t e n t i a l  t r a n s p i r a t i o n  
( M i n i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  and F o o d ,  1967)  f o r  t h r e e  
e x p e r i m e n t a l  p e r i o d s  a r e  g i v e n  i n  T a b l e  12,  From t h e s e  f i g u r e s  t h e  
a r e a  o f  p a s t u r e  d r a i n e d  w e r e  c a l c u l a t e d ,  a s s u m i n g  t h a t  a l l  t h e  
p r e c i p i t a t i o n ,  o r  t h e  p r e c i p i t a t i o n  w h i c h  r e m a i n e d  a f t e r  a l l o w i n g  f o r  
p o t e n t i a l ,  t r a n s p i r a t i o n ,  was  d i s c h a r g e d  t h r o u g h  t h e  d r a i n s .  The a r e a  
o b t a i n e d  f rom  t h e  l a t t e r  c a l c u l a t i o n s ,  0 . 5  to 0 . 7  h a ,  i s  i n  g e n e r a l  
a g r e e m e n t  w i t h  t h e  e a r l i e r  e s t i m a t e  of  0 . 6 5  h a .
The p a s t u r e  was  p l o u g h e d  and r e s e e d e d  w i t h  g r a s s  i n  1965,  Tt 
was  a g a i n  p l o u g h e d  and r e s e e d e d  w i t h  r e d  c l o v e r  i n  1 971 .  Thro ugh o u t  
t h e  summer o f  1968 u n t i l  15 O c t o b e r  t h e  p a s t u r e  was g r a z e d  p e r i o d i c a l l y  
by c a t t l e  and s h e e p  ( T a b l e  1 3 ) .  I n  a d d i t i o n  t o  t!ie f a e c e s  o f  t h e s e  
a n i m a l s  22 m ^ /h a  p i g  e x c r e m e n t  w e r e  s p r a y e d  from a vacuum t a n k e r  o n t o  
t h e  s u r f a c e  o f  t h e  p a s t u r e .  No a n i m a l s  w e re  a l l o w e d  o n t o  t h e  l a r d  
and no a n i m a l  e x c r e m e n t  was  a p p l i e d  a f t e r  15 O c t o b e r  1968 u n t i l  t h e  
s p r i n g  o f  1 9 69 .  The d i s c h a r g e  o f  w a t e r  f rom t h e  d r a i n  s t a r t e d  d u r i n g  
t h e  f i r s t  week o f  S e p t e m b e r  1968 and c o n t i n u e d  u n t i l  March 1969 .
D u r i n g  t h e  summer o f  1969 t h e r e  was no d i s c l n r g e  o 1' w a t e r  f rom 
t h e  d r a i n .  C a t t l e  and s h e e p  w e re  g r a z e d  p e r i o d i c a l l y  I h r  our. b o u t  t h e  
summer.  W a t e r  s t a r t e d  t o  be d i s c h a r g e d  on 1 November I9 6 0  and 
c o n t i n u e d  u n t i l  A p r i l  1970.  P i g  e x c r e m e n t  was s p r a y e d  f rom a  vacuum 
t a n k e r  o n t o  t h e  s u r f a c e  o f  t h e  p a s t u r e  on f o u r  o c c a s i o n s  ch r  i u g  t h e  
w i n t e r  o f  1 9 6 9 / 7 0 ,  The f i r s t  t i m e  22 m ^/ha  w e re  a p p l i e d ,  t h e  s ec o n d  
33 m ^ / h a , t h e  t i i i r d  55 mP/ha and th e  f o u r t h  55 m ^ / h a . On ea ch
r,P
o c c a s i o n  t h e  e x c r e m e n t  h a d  a c c u m u l a t e d  d u r i n g  t h e  p r e v i o u s  t h r e e  w e e k s ,  
i n  t h e  fo rm  o f  a s e r a i - l i q u i d  s l u r r y  below t h e  s l a t t e d  f l o o r  o f  a  
p i g g e r y  a t  t h e  Animal  H u s b a n d r y  E x p e r i m e n t a l  U n i t ,  B r i c k r o w ,
The d i s c h a r g e  o f  w a t e r  f r o m  t h e  d r a i n  r e su m ed  a t  the  b e g i n n i n g  
o f  O c t o b e r  1970 and c o n t i n u e d  u n t i l  t h e  s p r i n g  o f  1 9 7 1 .  55 m ^/ha  p i g
e x c r e m e n t  w e r e  s p r a y e d  o n t o  t h e  s u r f a c e  o f  t h e  p a s t u r e  on 28 O c t o b e r  1970 
and a s i m i l a r  q u a n t i t y  on 25 November 1 9 70 .  As i n  t h e  p r e v i o u s  w i n t e r  
t h e  e x c r e m e n t  s p r a y e d  o n t o  t h e  p a s t u r e  had a c c u m u l a t e d  d u r i n g  t h e  
p r e v i o u s  t h r e e  w e e k s .
The r e d  c l o v e r  sown d u r i n g  t h e  s p r i n g  of 1971 was c r o p p e d  f o r  
s i l a g e  d u r i n g  t h e  summer.  Sh e ep  w e re  g r a z e d  on t h e  p a s t u r e  b e tw e e n  
S e p t e m b e r  and December  1971 ,  W a te r  s t a r t e d  to be d i s c h a r g e d  f rom 
t h e  d r a i n  a t  t h e  b e g i n n i n g  o f  S e p te m b e r  and c o n t i n u e d  u n t i l  A p r i l  197 2.
No a n i m a l  e x c r e m e n t  o t h e r  t h a n  t h e  f a e c e s  o f  t h e  s h e e p  was d e p o s i t e d  
o n t o  t h e  s u r f a c e  o f  t h e  p a s t u r e  t h r o u g h o u t  t h e  w h o le  o f  t h i s  p e r i o d .
The e x p e r i m e n t a l  f a r m ,  C u l b a e
C u lbae  f a rm ,  W i g t o w n s h i r e  ( U r i d  r e f ,  NX 3 8 4 8 )  i s  s i i u a t o d  a b o u t  
9 km n o r t h  e a s t  o f  P o r t  W i l l i a m  on t lie A 71 4 .  The f a r m  i s  a t  a b o u t  
50 m and c o v e r e d  a b o u t  100 h a .
Ab out  4 , 5 0 0  f a t t e n i n g  p i g s  w e r e  h oused  on the  f a n n .  They we re
f e d  a  d i e t  o f  whey s u p p l e m e n t e d  w i t h  b a r l e y  m e a l .  The e x c r e m e n t  from
3 3t h e  p i g s  d r a i n e d  a t  t h e  r a t e  o f  81 m p e r  d ay  i n t o  a 380 m' s l u r r y
t a n k  s i t u a t e d  i n  t h e  Midden f i e l d .  The s l u r r y  i n  tlx? t a n k  was
d i s p o s e d  o f  o n to  t h e  s u r r o u n d  i nv f i e l d s  bv s p r a y i  ng t h r o u g h  r a i n ~ g u n s .
g
Tlie pump was  o p e r a t e d  e a c h  d a y ,  s p r a y i n g  s l u r r y  a t  tlie r a t e  o f  30 m' 
p e r  h o u r  and t h e  p o s i t i o n  o f  t h e  r a i n - g u n s  was a l t e r e d  e v e r v  15 m i n u t e s .
FIGURE 10
The cx]i c r i  m e n t a l  f a r m ,  C u l b a e ,  i g t o w n s h i r e  , 
( G r i d  r e f .  NX 3,848).
> -  open  d i t c h e s  nnd d i r e c t i o n  o f  w a t e r  Plow.
Shad ed  ru’o a s  -  w a t e r  c a t c h m e n t  a r e a s ,  A nnd U.
nnd -  ^ ' ' -no tch  w e i r  g a u g e s  i n  n i 'cns  A and d r o s n e c  I. iiuO y
1
a ,  a  -  w a t e r  s a m p l i n g  p o i n t s ,  a r e a  A.
b -  w a t e r  s a up l i nn ;  p o i n t ,  a r e a  B.











S o i l  a n a l y s i s  o f  t h e ^ S t a n d i n g  S t o n e  f i e l d ,  C u l b a e .
A d e s c r i p t i o n  o f  t h e  p r o f i l e  and  m e c h a n i c a l  a n a l y s i s  o f  t o p  s o i l  
f r o m  t h e  s l o p e  o f  t h e  f i e l d  an d  o f  b a s i n  p e a t  f r o m  t h e  f l a t  a r e a  
on t h e  s o u t h  e a s t  b o u n d a r y  of  t h e  f i e l d .
•f mg p e r  100 g a i r  d r i e d  s o i l .
* î î f
fï't
TABLE 14
J ) e p t h ,  cm P r o f i l e  D e s c r i p t i o n
0 - 5
5 - 1 7
17 -  45
4 5  -  60
G re y  b rown  loamy^ f i n e  s a n d  ( s u r f a c e  r o o t  m a t )  w i t h  
some s m a l l  a n g u l a r  s t o n e s .
G rey  b ro wn  c l a y  l o am .  Many a n g u l a r  s t o n e s .  Lower 
p a r t  d r y  no w a t e r  p e n e t r a t i o n .  F r e e l y  d r a i n e d .
R e d d i s h  brown s a n d y  lo am .  Many a n g u l a r  s t o n e s .
F r e e l y  d r a i n e d .
R e d d i s h  g r e y  loam y c o a r s e  s and  w i t h  some i r o n  d e p o s i t i o n .  
No g l e y i n g  a s  s u c h .
M e c h a n i c a l  Ana l y  s i  s
S o i l P e a t
D e p t h ,  cm 0 - 5 5 -  17 17 -  45 45 -  60
C o a r s e  s an d  ( p e r c e n t ) 1 5 . 6 5 2 1 . 1 8 2 5 . 6 6 3 9 . 0 4
F i n e  san d ( p e r c e n t ) 3 7 . 6 2 2 3 . 3 9 2 1 . 1 9 1 8 . 3 2
S i l t ( p e r c e n t  ) 1 6 . 5 7 2 4 .2 1 2 3 . 0 6 1 7 . 2 6
C l a y ( p e r c e n t ) 1 7 . 7 0 2 5 .2 3 2 5 . 1 0 2 2 . 4 4
pH 5 . 3 0 4 . 9 0 5 . 2 0 5 . 7 0 5 . 7 0
A v a i l a b l e
-L
65 15 3 5 5
A v a i l a b l e KgO 112 62 40 28 52
M o i s t u r e ( p e r c e n t ) 2 . 8 2.1 2 . 4 1 . 5 6 . 7
L o s s  on 
I g n i t i o n ( p e r c e n t ) 1 6 . 6 1 2 . 0
1 0 . 0 5 , 9 5 7 . 8
5 0
I n  t h i s  way s l u r r y  w as  s p r a y e d  o n t o  a l l  t h e  f i e l d s  a t  the  r a t e  of'
3
150 m o f  s l u r r y  p e r  h e c t a r e  e v e r y  s i x  m o n t h s .
N e i g h b o u r i n g  f a r m e r s  were  a l l o w e d  to  g r a z e  b e e f  c a t t l e  and s h e e p  
on th e  f i e l d s .  No a t t e m p t  was  made to  k e e p  t h e  a n i m a l s  o f f  f i e l d s  
w h i l e  t h e  r a i n - g u n s  w e re  i n  o p e r a t i o n .
A l l  o f  t h e  f i e l d s  d r a i n e d  i n t o  open  d i t c h e s ,  t J i e s e  i n  t u r n  
d i s c h a r g e d  i n t o  a  w a t e r c o u r s e  c a l l e d  The C a n a l ,  w h i c h  i s  a t r i b u t a r y  
o f  t h e  R i v e r  B l a d n o c k .  Some o f  t h e  open d i t c h e s  r e c e i v e d  d r a i n a g e  
w a t e r  f r o m  n e i g h b o u r i n g  f a r m s  a s  w e l l  a s  f rom  C u l b a e  and one d i t c h  
w h i c h  r a n  b e l o w  t h e  f a r m y a r d  o f  C u lb a e  r e c e i v e d  t h e  d i s c h a r g e  from 
a  s e p t i c  t a n k .  F o r  t h e  p u r p o s e s  o f  t h e  i n v e s t i g a t i o n ,  two d r a i n a g e  
a r e a s  w e r e  s e l e c t e d ,  a r e a s  A and R shown i n  P i g .  10 ,  w h i c h  l a r g e l y  
d r a i n e d  l a n d  c o n t a i n e d  w i t h i n  t h e  b o u n d a r i e s  o f  C u lb a e  and did  n o t  
r e c e i v e  s e p t i c  t a n k  d i s c h a r g e .
A r e a  A . T h i s  c a t c h m e n t  a r e a ,  a b o u t  20 h a ,  i n c l u d e d  p a r t  o f  t h e  
L o n g c a s t l e ,  S t a n d i n g  S t o n e  and Midden F i e l d s  ( F i g .  lO)  t o g e t h e r  w i t h  
p a r t s  o f  two f i e l d s  o f  a  n e i g h b o u r i n g  f a n n .
The L o n g c a s t l e  an d  Midden f i e l d s  w e re  u n d u l a t i n g ,  w h e r e a s  the  
S t a n d i n g  S to n e  f i e l d  had a s t e e p  g r a d i e n t .  The s o i l  o f  th e  m e a  was 
d o m i n a t e d  by S i l u r i a n  Ore yw ac ks  and S h a l e s  and was  f r e o l v  d r a i n e d .
The t o p - s o i l  on t h e  s l o p e  o f  t h e  S t a n d i n g  Stone f i e l d  was  f a i r l y  
s h a l l o w  w i t h  r o c k y  o u t c r o p s .  The s o u t h  e a s t  s i d e  o f  t h e  f i e l d  was  
f l a t  and c o n s i s t e d  o f  b a s i n  p e a t .  D e t a i l s  o f  t h e  s o i l  a n a l y s i s  a i e  
g i v e n  i n  T a b l e  14 .  T i l e  d r a i n s  had been  l a i d  t h r o u g h  t t ' c  p e a t  a 
week b e f o r e  t h e  i nvest - i  g a t i o n  s t a r t e d .  These  d r a i n s  di  s c h a i  ged i n t o  
an  o p en  di  tc l i  w h i c h  o r i g i n a t e d  on th e  n o r t h  e a s t  b o u n d a r y  o f  the  
L o n g c a s t l e  f i e l d  and c o n t i  nu ed  t h r o u g l i  t h e  p e a t  a l o n g  th e  bo nnd a rv  
o f  t h e  o t h e r  two f i e l d s .  At  a b o u t  10 m fr o m  t h e  i i o u n d a iy  w a l l  




S o i l  a n a l y s i s  o f  t h e  Q u a r r y  f i e l d ,  C u l h a e .
A d e s c r i p t i o n  o f  t h e  p r o f i l e  and m e c h a n i c a l  a n a l y s i s  o f  t o p  s o i l




D e p t h ,  cm P r o f i l e  D e s c r i p t i o n
0 - 7
7 - 4 5
S u r f a c e  mat .  Dark  g r e y  o r g a n i c  f i n e  s a n d y  loam w i t h  
many r o o t s .
D i s t r i b u t e d  m i x t u r e  o f  g r e y  o r g a n i c  s a n d y  loam and 
a n g u l a r  s t o n e s .
M e c h a n i c a l a n a l v s i  s
D e p t h ,  cm 0 - 7 7 -  45
C o a r s e  sand  ( p e r c e n t ) 1 4 . 8 7 2 0 .8 1
F i n e  s a n d ( p e r c e n t ) 3 1 . 8 8 3 1 . 1 4
S i l t ( p e r c e n t ) 11 ,64 1 0 . 1 3
C l a y ( p e r c e n t ) 1 1 . 0 2 1 3 .4 3
pII 5 . 2 0 5 . 0 5
A v a i l a b l e
-r
36 7
A v a i l a b l e 41 41
M o l s t u r e ( p e r c e n t ) 3 . 8 3 . 2
L o s s  on 
I g n i t i o n ( p e r c e n t ) 3 0 . 6 3 0 . 4
no
t h r o u g h  a  23 cm d i a m e t e r  p i p e  f o r  100 ra. A 90*  ^ V - n o t c h  w e i r  was 
i n s t a l l e d  a b o u t  50 ra d o w n s t r e a m  o f  t h e  p i p e  o u t l e t  i n  t h e  Midden 
f i e l d  ( , F i g .  l O ) .  A f t e r  h e a v y  r a i n f a l l  t h e  p i p e  c o u l d  r e s t r i c t
t h e  f l o w  o f  w a t e r  a n d  c a u s e  f l o o d i n g  a t  t h e  n o r t h  e a s t  end o f  t h e  
S t a n d i n g  S t o n e  f i e l d .
A r e a  B, The s e c o n d  c a t c h m e n t  a r e a  was  a l s o  a b o u t  20 h a ,  c o v e r i n g  
m o s t  o f  t h e  Q u a r r y  f i e l d  an d  p a r t  o f  t h e  S raa l lm u i r  f i e l d  ( F i g .  l O ) .
The n o r t h  e a s t  end o f  t h e s e  f i e l d s  c o n s i s t e d  o f  an a r e a  o f  w a t e r ­
l o g g e d  b a s i n  p e a t ,  w h i l e  t h e  r e s t  o f  tlie s o i l  was s i m i l a r  to t h a t  
o f  A r e a  A, I n  t h e  Q u a r r y  f i e l d  the  s o i l  had b e e n  d i s t u r b e d  r e l a t i v e l y  
r e c e n t l y .  T h i s  d i s t u r b a n c e  l a d  c r e a t e d  a i r  s p a c e s  down t o  45 cm so , 
t h a t  t h e  p r o f i l e  was  e x t r e m e l y  f r e e l y  d r a i n e d .  The hi  ah o r g a n i c  
m a t t e r  c o n t e n t  o f  t h e  e n t i r e  p r o f i l e  i n d i c a t e d  c o n s i d e r a b l e  movement 
o f  s l u r r y  down t h r o u g h  t i n  s o i l .  D e t a i l s  o f  s o i l  a n a l y s i s  i n  t h e  
Q u a r r y  f i e l d  a r e  shown i n  T a b l e  15 .  Two open d i t c h e s  o r i g i n a t i n g  i n  
t h e  p e a t  d r a i n e d  f r o m  t h e  p e a t  i n t o  a  s i n g l e  d i t c h  w h i c h  r a n  a lo n g  
t h e  b o u n d a r y  l i e tw oen  th e  two f i e l d s ,  A 90^ V - n o t c h  w e i r  was i n s t a l l e d  
a b o u t  50 m u p s t r e a m  from t h e  e a s t e r n  b o u n d a r y  o f  t h e  Q u a r r y  f i e l  d 
(Vg,  M g .  1 0 ) .
M ea su rem en t  o f  t h e  r a t e  o f  d i s c h a r g e  of  d r a i n a g e  w a t e r
A c o n t i n u o u s  r e c o r d  o f  t h e  r a t e  o f  d i s c h a r g e  o f  w a t e r  from 
t h e  s u b - s u r f a c e  d r a i n a g e  s y s t e m  o f  t h e  e x p e r i m e n t a l  p a s t m ' e ,  B r i c k r o w ,  
was  o b t a i n e d  us  i ng a q u a r t e r  90^ V-no t c l i . The V-no t c h ,  c o m p l y i n g  w i t h  
BS 3080 p a r t  IV A, was  d e s i g n e d  and cons  t r u e t e d  t o  m ee t  t h e  f o l l o w i n g  
r e q u i r e m e n t s :  ( l )  t h e r e  siio e l d  n o t  be any obs  t r u e  t. i on to t h e  f l o w
from t l i e  f i e l d  d r a i n  and no s u r c h a r g i n g  whi cli t u m id  l e a d  tn Ins'-’ o f  
w a t e r  t l u n u g h  t h e  j o i n t s ;  ( 2 ) s o l i d  m a t e r i a l  (worm.;, o t c . )  e n t e r i n g
fFIGURE 11
D iag r am  o f  flic q u a r t  o r  90  ^ V - n o t c h  i n s t a l l e d  i n  t h e  
e x p e r i m e n t a l  p n s t w e ,  B r i c k r o w ,








R e l a t i o n s h i p  b e t w e e n  t h e  i ï e a d ' o f  w a t e r  o v e r  a q u a r t e r  90 
V*-notch and f l o w  r a t e ,  i n s t a l l e d  ini t h e  e x p e r i m e n t a l  
p a s t u r e ,  R r i c k r o w .
* D i s c h a r g e  l / s  = 0 . 3 7 2 6  f o r  I teads  g r e a t e r  t h a n  5 cm
i l l
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Head,  cm N a t u r a l  D i s c h a r g e  i n t o  R e s e r v o i r  A 
l / s
0 . 8 0 0 .0 0 0 8 3
0 . 5 5 0 .0 0 0 3 3
1 .07 0 .0 0 1 9 3
1 . 0 9 0 . 0 0 2 5 0
1 . 1 9 0 . 0 0 2 5 8
1 . 2 7 0 . 0 0 3 1 8
1 . 5 2 0 .0 0 8 0 1
2 . 3 0 0 . 0 2 8 3 0
3 . 1 0 0 . 0 6 4 7 0
4 . 1 0 0 . 1 5 5 0 0
7 . 4 0 0 . 5 3 0 0 0
C a l c u l a t o r !  D i a e h a r g o ’^
5 0 . 1 9 9 2
7 0 . 4 5 9 0
9 0 . 8 5 0 2
î ’TCÏÏTRE 12
Cnl i ' i r a t i  on cnii'vo f o r  t h o  q u a r t e r  90 V - n o t c h  i n s t a l l e d  i n  t h e  
















t h e  d r a i n a g e  s y s t e m  m u s t  n o t  i n t e r f e r e  i n  t h e  o p e r a t i o n  o f  t h e  r e c o r d e r  ; 
( 3 ) t h e  t i m e  talcen to  r e s p o n d  t o  c h a n g e s  i n  t h e  r a t e  o f  f l o w  m u s t  he 
r e l a t i v e l y  s h o r t ;  ( 4 )  a l l  r a t e s  o f  f l o w ,  v a r y i n g  f r o m  0 to  1 . 0  1 / s ,  
m u s t  b e  m e a s u r e d  a u t o m a t i c a l l y  w i t h o u t  an y  a l t e r a t i o n s  t o  t l ie  m echani sm 
b e i n g  m a d e .
A h o u s e h o l d  b a t h  was  I n s t a l l e d  b e lo w  t h e  o u t l e t  t o  t h e  d r a i n , .
The q u a r t e r  90^ V - n o t c h  ( f i g .  11)  was f i x e d  a c r o s s  t h e  b a t h  in  f r o n t  
o f  t h e  d r a i n  o u t l e t ,  l e a v i n g  a r e s e r v o i r  (a ) f o r  c a l i b r a t i o n .  A b a f f l e  
was  f i x e d  a t  t h e  t o p  end o f  t h e  b a t h ,  j u s t  i n  f r o n t  o f  t h e  d r a i n  o u t l e t ,  
t o  m i n i m i s e  t u r b u l e n c e  b e h i n d  t h e  V - n o t c h ,  an d  a m esh  g r i d  was f i x e d  
b e t w e e n  t h e  b a f f l e  and t h e  V - n o t c h  t o  p r e v e n t  d e b r i s  o b s t r u c t i n g  f l o w  
o v e r  t h e  V - n o t c h ,  The h e a d  o f  w a t e r  was  r e c o r d e d  b y  a p e n ,  a t t a c h e d  
to  a  domed p l a s t i c  f l o a t ,  on a c l n r t  w ra p p ed  r o u n d  a c l o c k w o r k - d r i v e n  
drum d e r i v e d  f r o m  a  t h e r m o g r a p h .
F o r  h e a d s  o f  w a t e r  g r e a t e r  t h a n  5 cm o v e r  t h e  Y - n o t c h  t l i e  r a t e  
o f  d i s c h a r g e  o f  w a t e r  o v e r  t h i s  s i z e  o f  V - n o t c h  ( l / s )  = 0 , 3 7 2 6  
( H / 2 , 5 4 )^* ' ^^ ,  ( E s c r i t t ,  1 9 6 2 ) ,  w h e r e  11 i s  t h e  head o f  w a t e r  o v e r  t h e  
V - n o t c h ,  m e a s u r e d  i n  c e n t i m e t r e s .  F o r  h e a d s  b e lo w  5 cm t h e  i n s t r u m e n t  
had t o  be  c a l i b r a t e d .  A bung was  p l a c e d  i n  t h e  o u t l e t  f r o m  the  b a t h  
and r e s e r v o i r  A was  f i l l e d  w i t h  w a t e r  i n  0 , 5  1 i n e r e m e r H s ,  ' A f t e r  t h e  
a d d i t i o n  o f  e a c h  0 . 5  1 t h e  d e p t h  o f  the  r e s e r v o i r  f rom t h e  t o p  o f  t h e  
b a t h  t o  the  w a t e r  T e v e I  was r e c o r d e d  on a d i p s t i c k ,  A s t e a d y  f l  ow 
o f  w a t e r  f r o m  a h o s e p i p e  was t h e n  f e d  i n t o  t!i e t o p  end o f  tl»i b a t h  
and  th e  h e a d  o f  w a t e r  o v e r  t h e  V - n o t c h  n o t e d  a g a i n s t  th e  r a t e  of  
f i l l i n g  t h e  c a l i b r a t e d  r e s e r v o i r .  T h i s  was r e p e a t e d  f o r  d i f f e r e n t  f l o w  
r a t e s ,  b o t h  f r om  th e  h o s e p i p e  and t h e  n a t u r a l  f l ow  froii! t h e  d r a i n  
( T a b l e  1 6 ) ,  A c a l i b r a t i o n  c u r v e  ( F i g ,  12) was t h e n  drawn.
6 2
D u r i n g  t h e  e a r l i e r  e x p e r i m e n t a l  p e r i o d s  t h e  mean d a i l y  d i s c h a r g e  
r a t e  f r o m  t h e  d r a i n  was  c a l c u l a t e d  by i n t e g r a t i o n  o f  t h e  a r e a  b e low  
t h e  l i n e  d r a w n  by t h e  p en  on t h e  f l o w  r e c o r d e r  c h a r t s .  I n  t h e  l a t e r  
e x p e r i m e n t s  t h e  r e a d i n g  o n  t h e  c h a r t  was  n o t e d  a t  t h e  t i m e  o f  ta l c ing  
s a m p l e s ,  t o  o b t a i n  t h e  a c t u a l  r a t e  o f  d i s c h a r g e ,  The i n s t a l l a t i o n  was 
i n  c o n s t a n t  o p e r a t i o n  t l i r o u g h o u t  a l l  t h e  e x p e r i m e n t a l  p e r i o d s .  D u r i n g  
t h e  w i n t e r ,  w e e k l y  a t t e n t i o n  was r e q u i r e d  t o  r e p l u c e  t h e  c h a r t ,  r e w i n d  
t h e  c l o c k ,  r e f i l l  t h e  p e n  w i t h  i n k  and remove d e b r i s  f rom t h e  g r i d .  
D u r in g  warm w e a t h e r  more  r e g u l a r  c h e c k s  o n  t h e  i n k  l e v e l  w e re  r e q u i r e d .  
D u r i n g  t h e  m a t i n g  s e a s o n  a  c o n s t a n t  w a tc h  f o r  f r o g s  p l a y i n g  w i t h  t h e  
f l o a t  was  n e c e s s a r y .
The a c c u r a c y  w i t h  w h ic h  t h e  r a t e  o f  f l o w  was m e a s u r e d  d e p e n d e d  
o n ;  ( l )  b a c k l a s h  and f r i c t i o n  o f  t h e  r e c o r d i n g  m ech an i sm ;  ( 2 ) c h a n g e s  
i n  d e n s i t y ,  v i s c o s i t y  and s u r f a c e  t e n s i o n  o f  t h e  d i s c h a r g e  w a t e r ;
( 3 ) z e r o  s e t t i n g  o f  t h e  r e c o r d e r  p e n ;  ( 4 ) t h e  r e a d i n g  o f  t h e  c h a r t s  
and c a l c u l a t i o n  o f  t h e  r a t e  o f  f l o w  fr o m  t h e  c a l i b r a t i o n  citi-ve.
Talcing t h e s e  i n t o  a c c o u n t ,  i t  i s  e s t i m a t e d  thai -  f o r ,  a  f l o w  o f  0 , 0 0 0 2  l / s  
t h e  e r r o r  l i e s  b e t w e e n  - 3 0  p e r  c e n t  and +70 p e r  cent ,  o f  t h e  r e a d i n g  
and f o r  a  f l ow  o f  1*0 l / s  t h e  e r r o r  l i e s  b e tw e e n  ± 5 p e r  ce  ni, o f  t h e  
r e a d i n g .
Two 00^ V - n o t c h  w e i r s  w e r e  i n s t a l l e d  a c r o s s  (;wo open  d i t c h e s  
on t h e  e x p e r i n n n t n l  f a r m ,  C u l b a e  (V^ and V^, F i g .  l O ) . Doth of  t h e s e  
w e i r s  c o m p l i e d  w i t h  BS 3680 P a r t  IV A and s t a n d a r d  c a l i b r a t i o n  c u r v e s ,  
o b t a i n e d  f r o m  t h e  f o r m u l a ,  d i s c h a r g e  r a t e ,  l / s  = 1 . 4 9 0 4  ( H/2 .  54 ) ^ 
( E s c r i t t ,  1 9 6 2 ) ,  w e re  u s e d  to m e a s u r e  t h e  d i s c h a r g e  r a t e .  At  t h e  l o w er  
f l o w  r a t e s  t h e  c a l i b r a t i o n  was ch e ck ed  on s e v e r a l  o c c a s i o n s  u s in g :  a 
b u c k e t  and s t o p - w a t c h .  T h e r e  was  no p r o v i s i o n  f o r  c o n t i n u o u s  
m o n i t o r i n g  o f  t l ' c  head o f  w a t e r  o v e r  t h e  w e i r s ,  e x c e p t  d u r i n g  an
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e x p e r i m e n t a l  p e r i o d  when u n t r e a t e d  p i g  e x c r e m e n t  was s p r a y e d  o n to  
one o f  t h e  f i e l d s .  U s u a l l y  t h e  h e a d  o f  w a t e r  o v e r  t h e  w e i r s  was 
o n l y  m e a s u r e d  a t  t h e  t i m e  o f  c o l l e c t i n g  w a t e r  s a m p l e s .
The s a m p l i n g  o f  d r a i n a g e  w a t e r
At  t h e  e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w ,  s a m p l e s  o f  l a n d  d r a i n a g e  
w a t e r  w e r e  t a k e n  f r o m  a  s m a l l  p l a s t i c  r e s e r v o i r ,  a b o u t  60 cm' , f i x e d  
a t  t h e  o u t l e t  t o  t h e  d r a i n .  T h i s  r e s e r v o i r  was f i x e d  i m m e d i a t e l y  
a b o v e  t h e  b a t h ,  so t h a t  a l l  t h e  d i s c h a r g e  had t o  p a s s  t l r o u r h  i he  
r e s e r v o i r  b e f o r e  e n t e r i n g  t h e  b a t h .  The r e s e r v o i r  w as  n o r m a l l y  
s e l f - c l e a n i n g ,  b u t  w as  i n s p e c t e d  e a c h  day and an y  sand  o r  s o i l  
p a r t i c l e s  r e m o v e d .
T h r o u g h o u t  t h e  w i n t e r  o f  1 9 6 8 / 9 ,  and t h e  f i r s t  p a r t  o f  t h e  
w i n t e r  o f  1 9 6 9 / 7 0 ,  s a m p l e s  o f  l a n d  d r a i n a g e  w a t e r  w e r e  o b t a i n e d  u s i n g  
two c o m m e r c i a l l y - m a n u f a c t u r e d ,  a u t o m a t i c ,  i n t e r v a l  1 i q u i d - s a m p l i n g  
m a c h i n e s .  Both m a c h i n e s  i n c o r p o r a t e d  a s p r i n g - d r i v e n  t i m e  c l o c k  
and a p e r i s t a l t i c  pump d r i v e n  by a b a t t e r y  o p e r a t e d  12 V DC m o t o r .  
They b o t h  tu ok s a m p l e s  a t  i n t e r v a l s  o f  one h o u r . The F i r s t  m a c h i n e ,  
s u p p l i e d  by Rock and T a y l o r  L t d . (B ay es  Lane T r a d i n g  E s t a t e , Lye,
8 t r a i n b r i d g e )  a c cumul a t e d  e a c h  h o u i d y snnriile i n t o  one h o t  i to  to g i v e  
one c o m p o s i t e  s a m p l e .  The v o lu m e  o f  each  h o u r l y  s am p le  c o u l d  bo s o t  
by  a d j u s t i n g  c a m - o p e r a t e d  s w i t c h e s  a t t a c h e d  i.o t h e  t i m e  d o c k .  I t  
was fo u n d  t l m t  t h e  r a t e  of  p u m p i n g , u s i n g  t h e  snail l o s t ,  b o ro  ( u b i n g  
t h a t  w ou ld  f i t  t h e  p e r i s t a l t i c  pump ( i . o ,  4 ern '^ / s ) ,  was f a s t e r  t h a n  
t h e  minimum r a t o  o f  d i s c h a r g e  f rom t h e  d r a i n  to be moni to r o d , so 
l a r g e r  r o l l e r s  w e re  f i t t e d  t o  t h e  pump. T h i s  e n a b l e d  t h e  u s e  o f  3 mm 
b o r e  t u b i n g  w h i c h  t h e n  g a v e  a pumping r a t e  of  2 c m ^ / s .
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The m a c h i n e  w as  s e t  to  c o l l e c t  a sam ple  o f  a p p r o x i m a t e l y
3
120 cm a t  t h e  end o f  e a c h  hour* T w e n t y - f o u r  sa in p l c s  w e re  c o l l e c t e d
ea ch  day  f o r  t h r e e  s u c c e s s i v e  d a y s .  Eac h  day t h e  mean vo lum e  of  t h e
3i n d i v i d u a l  s a m p l e s  was  122 cm . However t h e  i n d i v i d u a l  s a m p l e s  v a r i e d
3 3i n  v o lu m e  b e t w e e n  90 cm and 176 cm . To overcome t h i s  p r o b l e m  t h e
v o l t a g e  s u p p l y  t o  t h e  m o t o r  w as  h a l v e d ,  and l a t e r  an  e x t r a  r e d u c t i o n
g e a r  was f i t t e d  to  t h e  m o t o r .  B o th  o f  t h e s e  m o d i f i c a t i o n s  r e d u c e d
t h e  pumping  r a t e  t o  1 c i iP /s  and i t  was t h e n  p o s s i b l e  t o  s e t  t h e  m ach in e
3 3t o  t a k e  a  c o n s t a n t  sample  o f  125 cm'  ^ + 1 cm e a c h  h o u r .
The second  m a c h i n e ,  s u p p l i e d  by Lea Co. L t d .  (Lea  R e c o r d e r  Co. 
L t d . ,  G o r n b r o o k  Parl f R o a d ,  M a n c h e s t e r ,  15) was d e s i g n e d  t o  t a k e  24 
s e p a r a t e  h o u r l y  s a m p l e s ,  b u t  i t  was  i m p o s s i b l e  to  s t e r i l i s e  a l l  t h e  
p l a s t i c  f u n n e l s  and b o t t l e s  w h i c h  came i n t o  c o n t a c t  w i t h  t h e  w a t e r  
s a m p l e s .  A g a i n  l a r g e r  r o l l e r s  had t o  be f i t t e d  t o  t h e  pimip so t h a t  
i t  w oul d  t a k e  s m a l l  b o r e  t u b i n g  and sample  a t  ci r a t e  o f  1 c i / / s . On 
t h i s  m a c h i n e  t h e  vo lum e  o f  ea ch  s am p le  was c o n t r o l l e d  by c a m - o p e r a t e d  
s w i t c h e s  a t t a c h e d  t o ,  and o p e r a t e d  b y ,  t h e  pump m o t o r .  The v'olûmes 
o f  i n d i v i d u a l  s a m p l e s  w i t h  t h i s  m a c h i n e  w e r e  r e p r o d u c a b l e . The 
d i s t r i b u t i o n  arm to t h e  24 sam ple  b o t t l e s  was removed and {.he l u b e
o u t l e t  f rom t h e  pump c o n n e c t e d  d i r e c t l y  to  t h e  t o p  o f  a  g l a s s  b o t t l e ,
so t h a t  a s  w i t h  the  f i r s t  m a c h i n e  c o m p o s i t e  s a m p l e s  w e re  o b t a i n e d .
Each  d av  d u r i n g  t h e  o p e r a t i o n  of  t h e  i m c h i n c s  i n  Ll^ .e f i e l d ,  one 
m e t r e  of s t e r i l e  s i l i c o n e  r u b b e r  t u b i n g  was  r o n n e c i e d  t o  e a c h  pimtp 
and t h e  o u t l e t  i n s e r t e d  i n t o  t h e  t o p  o f  a s t e r i l e  g l a s s  s am p le  b o t t l e .  
The o t l x ' r  end o f  e a c h  t u b e  was  f i x e d  b e low  tlie w a t e r  l e v e l  i n  t h e
s m a l l  p l a s t i c  r e s e r v o i r  a t  t l i e  o u t l e t  t o  t h e  d r a i n .
In  t h e  f i e l d  t h e  t ime c l o c k s  o f  b o t h  m a c h i n e s  w e r e  a d v e r s e l y  
a f f e c t e d  by dam pnes s  and low t e m p e r a t u r e s .  D u r i n g  c o l d  w e a t h e r  t h e  
p e r i s t a l t i c  pumps s low ed  down b e c a u s e  o f  t i p i r t e n i n g  o f  b e a r i n g s ,













t h i c k e n i n g  o f  l u b r i c a n t s  a n d / o r  r e d u c e d  v o l t a g e  o u t p u t  f rom th e  
b a t t e r y ,  e v e n  when f u l l y  c h a r g e d .  However,  a c o m p o s i t e  s am p le  of 
l a n d  d r a i n a g e  w a t e r  was o b t a i n e d  on m o s t  d a y s  f rom one o r  o t h e r  o f  
t h e  ma c h i n e s  t l i r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d s .
B e ca u s e  o f  t h e  p r o b l e m s  e n c o u n t e r e d  w i t h  t h e  m a c h i n e s  d e s c r i b e d  
a b o v e ,  a  c o n t i n u o u s  l i q u i d  s a m p l i n g  m ach in e  was d e v e l o p e d  ( b n i  t e d  
Kingdom P a t e n t  No, 2 5 6 0 / 7 l ) .  T h i s  m a c h in e  ( F i g ,  13)  u t i l i s e d  a 1 2 V  
d i a p h r a g m  p r e s s u r e  pump ( s . U .  C a r b u r e t t o r  Co, L t d . )  w h i c h  o p e r a t e d  
c o n t i n u o u s l y  t o  t r a n s f e r  a l c o h o l  f r om  j a r  A t o  j a r  B. T h i s  i n d u c e d  
a r e d u c t i o n  i n  p r e s s u r e  i n  j a r  0 c a u s i n g  w a t e r  t o  f l o w  t h r o u g h  t h e  
s a m p l i n g  t u b e ,  f r o m  t h e  s a m p l i n g  r e s e r v o i r  a t  t h e  d r a i n  o u t l e t ,  i n t o  
t h e  j a r .  The r a t e  o f  s a m p l i n g  was c o n t r o l l e d  a s  f o l l o w s ;
( 1 )  t o  m a i n t a i n  a s t e a d y  pumping r a t e  a  1 mm b o r e  c a p i l l a r y  t u b e  ( e )  
was  p l a c e d  i m m e d i a t e l y  a f t e r  t h e  pump o u t l e t ;  ( 2 ) t o  o b t a i n  a  low 
s a m p l i n g  r a t e ,  a r e c i r c u l a t i o n  sy s tem  b ac k  i n t o  j a r  A was i n c o r p o r a t e d ;  
( 3 ) t o  m a i n t a i n  p r e s s u r e  i n  t h e  s y s t e m ,  a  1 mm c a p i l l a r y  j e t  (d )  was 
p l a c e d  a t  t h e  r e c i r e u l a t i o n  o u t l e t  i n t o  A: ( 4 )  f i n e  c o n t r o l  o f
s a m p l i n g  was  e f f e c t e d  by  a d j u s t i n g  t h e  b o r e  o f  c a p i l l a r y  1 .  With  
c a p i l l a r y  F a b o u t  0 . 5  mm b o r e  and 50 mm l o n g  t h e  s a m p l i n g  r a l e  was 
0 , 0 0 0 0 5  l / s .  A c l e a n  s t e r i l e  s a m p l i n g  i n l e t  t u b e  and s t e r i l e  s a m p l i n g  
j a r  w e re  i n s t a l l e d  i n  t h e  f i e l d  ea c h  d ay .  The machi  no was e n c l o s e d  
i n  a box la,<rged w i t h  e x p a n d ed  p o l y s t y r e n e  an: ( he t u b e  be lateen t h e
box and (h e  d r a i n  o u t l e t  s i m i l a r l y  l a g g e d .
Tlie m a c h i n e  was i n  c o n s t a n t  u se  f o r  more t h a n  t i i r c e  mo n i b  s , 
ex p o s e d  (:o v a r i o u s  w e a t h e r  c o n d i t i o n s ,  i n c l u d i n g  a i r  t emu e r a  ( u r e s  
a s  low a s  -10^(% R e g u l a r  s a m p l e s  o f  4..30 l i t r e s  pf\r day w e re  o b t a i n e d .  
The a d v a n t a g e s  o f  t i n s  tin c h i n e ,  a s  compared w i t h  t h e  o t l u ' r  two m a c h i n e s
a l r e a d y  d e s c r i b e d ,  w e re  ( l )  Ibe  o n l y  moving p a r t  was t h e  d i a p h r a g m  
p r e s s u r e  pump, w h i c h  d u e  to i t s  p a r t i c u l a r  d e s i g n  was u n a f f e c i e d  hy 
e x t r e m e  t e m p e r a t u r e s  and s l i g h t  c h a n g e s  in  v o l t a g e  s u p p l y ,  ( 2 ) s p a r e  
p a r t s ,  i n c l u d i n g  t h e  pum p, w e r e  r e a d i l y  a v a i l a b l e ,  ( 3 )  a 33 am p-h our  
12 V b a t t e r y  o n l y  r e q u i r e d  r e c h a r g i n g  a t  4 o r  5 d a y  i n t e r v a l s ,  i n s t e a d  
of  d a i l y ,  ( 4 ) t h e  s a m p le  tu b e  was  n o t  s u b j e c t  i,o w e a r  a s  wi th  t h e  
p e r i s t a l t i c  pump,  ( s )  s a m p l e s  c o u l d  be o b t a i n e d  a t  l o w e r  f low r a t e s  
t h a n  was  p o s s i b l e  w i t h  t h e  o t h e r  s a m p l i n g  m a c h i n e s  and ( o )  ti)e s am p le  
was c o l l e c t e d  c o n t i n u o u s l y .
D u r i n g  t h e  w i n t e r  e x p e r i m e n t s  o f  1 9 7 0 / l  and  1 9 7 1 / 2  samfi les  
c o l l e c t e d  o v e r  s h o r t  p e r i o d s  w e r e  r e q u i r e d .  To o b t a i n  t h e s e  s p o t  
s a m p l e s ,  c l e a n  W i n c h e s t e r  b o t t l e s  f i t t e d  w i t h  a r u b b e r  bung d r i l l e d  
to  t a k e  a  s h o r t  g l a s s  t u b e  a t t a c h e d  to a  sl ior  t  l e n g t h  o f  s i l i c o n e  
r u b b e r  ( u b i n g  w e re  u s e d .  These  w e re  s t e r i l i s e d  a t  121^C f o r  15 min 
and t ie  l u b e  c l am p ed  s h u t  w h i l e  t h e  b o t t l e s  w e re  s t i l l  hot. ( c f .
Z o b e l l ,  1941 ) a To c o l l e c t  s annules t h e  end o f  (lie t u b e  was f i x e d  
bel ow  th e  w a t e r  l e v e l  i n  t h e  s m a l l  p l a s t i c  r e s e r v o i r  at. t l ie  o u t l e t  
to t h e  d r a i n  and t h e  clantj-) o p e n e d ,  lie du cod r e s  s u r e  c a u s e d  w a t e r  
to flow' i n t o  t l i e  b o t t l e  u n t i l  i t  was a b o u t  t l i r e e - q u a r ( . e r s  f u l l ,  
i . e .  i t  c o n i a i n e d  a b o u t  two l i t r e s .
The w a t e r  sam[i los  o b t a i n e d  from t h e  e x p e r i m e n t a l  fai-i.), t u l h a e ,
W e r e  a l l  c o l  1 e c ( ed i n  e v a c u a t e d  w i n c h e s t e r  bo t i l e s .  The \  w e r e  u s u a l l y  
c o l l o c i x ' d  f rom s a m n l i n g  p o i n t s ,  a i n  a r e a  A,  and t  i n  ru ' ea  b ( l ’i g „  l O ) .  
. d u r i n g  and f o l l o w i n g  s l u r r y  s p r a y i n g  on I,he Long ea^: 1 . 1 e f i e l d ,  t h e  
s a r ' p l e s  w e r e  c(; 1 1 e c ( ed f r om s a r i p l i r qg  p o i n (  .
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M e t e o r o l o g i c a l  r e c o r d s
R e c o r d s  o f  d a i l y  r a i n f a l l  and d a i l y  maximum and  minimum a t m o s p h e r i c  
t e m p e r a t u r e s  we re  o b t a i n e d  f o r  t h e  B r i c k r o w  a r e a  f rom two m e t e o r o l o g i c a l  
s t a t i o n s ,  o n e  ( A u c h i n c r u i v e , G r i d  R e f ,  NS 3 892)  b e i n g  one !tm s o u t h  
w e s t  o f  t h e  e x p e r i m e n t a l  p a s t u r e  an d  t h e  o t h e r  ( P r e s t w i c k ,  G r id  r e f .
NS 3 8 5 2 )  two Ion due n o r t h .  D u r i n g  t h e  w i n t e r  o f  1 9 7 1 / 2  s o i l  t e m p e r a t u r e s  
a t  10 cm and 100 cm d e p t h  w e r e  a l s o  o b t a i n e d  f r om  A u c h i n c r u i v e .
M e t e o r o l o g i c a l  r e c o r d s  f o r  t h e  C u lb ae  a r e a  w e r e  o b t a i n e d  f rom  
a  s t a t i o n  a t  B l a d n o c k  a b o u t  8 Inn n o r t h  e a s t  o f  t l ie  f a r m .
B a c t e r i o l o g i c a l  e x a m i n a t i o n  o f  d r a i n a g e  w a t e r
The t e c h n i q u e  o f  membrane f i l t r a t i o n  was  a d o p t e d  f o r  c o u n t i n g  
b a c t e r i a  i n  w a t e r  s a m p l e s  b e c a u s e  i t  h a s  a h i g h  d e g r e e  o f  
r e p r o d u c i b i l i t y ,  i t  p e r m i t s  t h e  u s e  o f  l a r g e  v o l u m e s  o f  s a m p l e s  and 
i t  i s  more r a p i d  t o  c a r r y  o u t  fchan t h e  m os t  p r o b a b l e  number  p r o c e d u r e  
( S t a n d a r d  M e t h o d s ,  1 9 7 1 ) ,  Th e c h o i c e  of m e d i a  and i n c u b a t i o n  
t e m p e r a t u r e  f o r  t h e  e n u m e r a t i o n  o f  E s c h e r i c h i a  c o l i  a n d  e n t e r o c o c c i  
v/as Jmde a f t e r  t e s t i n g  a v a r i e t y  o f  m e d i a  and i n c u b a t i o n  t e m p e r a t u r e s .
S a r t o r i o u s  membrane f i l t e r s ,  c a t a l o g u e  number  11407 ( f o r m e r l y  MF 30)  
p o r e  s i z e  0 . 2  t o  0 . 3 yUm d i a m e t e r  47 mm (V.A.  Ikmo an d  Do. L t d . ,  47 
P e m b r id g o  Road ,  Lo nd on,  W, 11) w e r e  u s e d  f o r  f i l t r a t i o n  o f  w a t e r  s a m p l e s .  
B e f o r e  u s e  t h e  mem branes  w e r e  s t e r i l i s e d  by a u l o c l a v i n g  at  121^0  f o r  
15 m i n .  To k e e p  them f l a t  d u r i n g  s t e r i l i s a t i o n  t h e y  w e re  p l a c e d  i n  a 
g l a s s  p o t r i - d i s h  and i n t e r l e a v e d  w i t h  V/hatman t o ,  1 f i  1 t e r  p a p e r .
The m embran e f i l t e r  h o l d e r s  u s e d  w e re  s i m i l a r  to t h o s e  d e s c i ’i bed i n  
"The B a c t e r i o l o g i c a l  E x a m i n a t i o n  o f  W a te r  S u p p l i e s "  ( M i n i s t r y  o f  H e a l t h  
and S o c i a l  S e c u r i t y ,  1 9 0 9 ) ,
Ô8
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The v o l u m e s  o f  w a t e r  f i l t e r e d  v a r i e d  b e t w e e n  O . l  cm and i 000 onf . 
C o l o n i e s  on f i l t e r s  w h i c h  s u p p o r t e d  b e t w e e n  50 and 200 c o l o n i e s  w e r e
c o u n t e d .  The f i l t e r  f u n n e l s  w e r e  s t e r i l i s e d  b e f o r e  u s e .  W a te r  s a m p l e s
3 3s m a l l e r  t h a n  50 cm*^  w e r e  f i l t e r e d  and washed  t h r o u g h  w i t h  50 cm'
s t e r i l e  d i s t i l l e d  w a t e r .  The membranes  were  t r a n s f e r r e d  f rom  t h e
f u n n e l s ,  w i t h  a p a i r  o f  f o r c e p s  p r e v i o u s l y  s t e r i l i s e d  bv f l a m i n g  i n
a l c o h o l ,  o n t o  t h e  s u r f a c e  o f  f i l t e r  p a d s  (Whatman No. 17 f i l i c r  p a p e r ,
60 mm d i a m e t e r )  s a t u r a t e d  w i t h  a n u t r i e n t  medium,  o r  o n t o  t h e  s u r f a c e
o f  an a g a r  b a s e d  medium.
The num bers  o f  E s c h e r i c h i a  c o l i  i n  s a m p l e s  o f  w a t e r  w e re  e s t i m a t e d
by i n c u b a t i n g  i n o c u l a t e d  membranes  on  f i l t e r  p a d s  s a t u r a t e d  w i t h
m-endo b r o t h  MF ( l ) i f c o )  a t  37°C f o r  24 h .  C o n f i r m a t i o n  t e s t s  w e re
c a r r i e d  o u t  by s u b - c u l t u r i n g  p r e s u m p t i v e  F .  c o I i  c o l o n i e s  i n t o
p e p t o n e  w a t e r .  T h e s e  c u l t u r e s  we re  t h e n  examined  by F i j k m a n  and
hVfV'iC t e s t s .
The nunT'Ors o f  e n t e r o c o c c i  w e r e  e s t i m a t e d  by i n c u b a t i n g  i n o c u l a t e d  
membranes  on m - e n t e r o c o c c u s  a g a r  ( D i f c o )  a t  37^C f o r  48 h .
The n um bers  o f  b a c t e r i a  c a p a b l e  o f  growtl i  a t  20^C i n  48 h on 
m-pl  a t e  c o u n t  b r o t h  ( D i f c o )  w e r e  e s t i m a t e d  by f i l t e r i n g  1 crn’^  o f  
f o u r - f o l d  d i l u t i o n s  o f  d r a i n a g e  w a t e r  sampl e s .  The i n o c u l a t e d  
membranes  we re  t h e n  i n c u b a t e d  on f i l l e r  p ad s  s n t u r a t e r !  w i t h  m-pl  a t e  
c o u n t  b r o t h .
hoc t o r i  o l o g i  col  e x a m i n a t i o n  o f  s o i l  s a m p le s
S o i l  s a m p l ‘' s  fi'om th e  e x p e r i  men t a l  p a s t u r e ,  b r i c t r o w ,  wei'c 
p a s s e d  I h i ’ough a 2 mm s i e v e  and 20 a o f  t l ie s i< 'ved s o i l  adde d to 
180 cm c o o l e d  m i n e r a l  s a l t s  d i l u e n U  T h es e  s i i spe  nsi  ons  w e re  1)1 ended
r,o
i n  an  A tom ix  b l e n d e r  a t  f u l l  s p e e d  f o r  2 m in .  Decimal di  l u i , i o n s  o f  
t h e  b l e n d e d  s u s p e n s i o n s  w e r e  u s e d  t o  i n o c u l a t e  t h e  s u r f a c e  o f  p l a t e s  
o f  l / l O  s t r e n g t h  i n - p l a t o  c o u n t  b r o t h  s o l i d i f i e d  w i t h  1 p e r  c e n t  a g a r  
( O x o i d ) ,  T h e s e  p l a t e s  were  i n c u b a t e d  a t  20°C f o r  48 h and c o l o n i e s  
c o u n t e d ,
B a c t e r i o l o g i c a l  e x a m i n a t i o n  o f  p i g  e x c r e m e n t
Sai iiples  of p i g  e x c r e m e n t  w e re  o b t a i n e d  f rom the  u n d e r h o u s e  
c h a n n e l s  a t  B r i c k r o w  and f rom t h e  s lurr>^ t a n k  a t  C u l b a e .  Tn e a c h
c a s e  10 cm^ o f  t h e  s l u r r y  wore  t r a n s f e r r e d ,  u s i n g  a w i d e  b o r e  (0  mm)
•3 -p i p e t l e , t o  90 cm m i n e r a l  s a l t s  d i l u e n t .  These'  i n i t i a l  d i l u t i o n s
w e re  s h a k e n  t h o r o u g h l y  and s e r i e s  o f  d e c im a l  d i l u t i o n s  p r e p a r e d .
The d i l u t i o n s  we re t h e n  u s e d  f o r  MPN e s t i m a t i o n s  and c o l o n y  c o u n t s .
The MPN o f  E s c h e r i c h i a  c o l i  and e n t e r o c o c c i  w e re  o b t a i n e d  by
i n o c u l a  l i n g  t u b e s  . o f  MacConke^'  b r o t h  and sodium a z i d e  b r o t l i  r e s p e c t i v e  1 ;
T n o c u l a t e d  t u b e s  w e re  i n c u b a t e d  a t  37^C,  P r e s u m p t i v e  c o 1 i fo  rm c u l t u r e s
w e re  l a t e r  c o n f i r m e d  a s  IÇ. c o l i  by E i jk m an  and TMViC t e s t s .  Colons'
c o u n t s  o f  E.  c o l i  w e r e  e s t i m a t e d  by i n o c u l a t i n g  t h e  s u r f a c e  o f
v i o l e t  r e d  b i l e  a g a r .  The i n o c u l a t e d  ) > l a t e s  were  o \ e r  l a i d  wit !)  a
f n r t h c ' r  l a y e r  o f  VIIIIA and i n c u b a t e d  at. 37 C f o r  24 h .
Tn I h(' C u lb a e  e x p e r i  men I a c o l o n y  c o u n t  o f  b a c t e r i a  was a l s o
e s t  i im I ed  b>' i n f ) c u l a t i n g  t h e  s u r l ' a c e  o f  l / l O  s i r e n g t h  m- p l  a t ( '  count .
b r o t h  p l u s  1 p e r  c e n t  a g a r .  Thes e  p l a t e s  wore  i no aba I ('d a I 2 0 ' ^ ‘ f o r
4 8 h .
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Chemical e x a m in a t io n  o f  d r a in a g e  w a t e r ,  and p ig  excrem en t
Ch em ic a l  a n a l y s i s  o f  w a t e r  sanrfi les c o l l e c t e d  f rom t h e  
e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w ,  w e r e  c a r r i e d  o u t  a t  t h e  l a b o r a t o r i e s  
o f  t h e  A y r s h i r e  R i v e r  P u r i f i c a t i o n  B o a rd ,  A y r ,  u s i n g  s t a n d a r d  
m e t h o d s  ( M i n i s t r y  o f  H ous ing  and L o c a l  G o v e rn m en t ,  1 9 5 6 ) .  The 
sodiuTi a z l d e  m o d i f i c a t i o n  o f  t h e  W i n k l e r  method was u s e d  f o r  
m e a s u r i n g  d i s s o l v e d  ox ygen  c o n c e n t r a t i o n .  The n i t r a t e  c o n c e n t r a t i o n  
was d e t e r m i n e d  by r e d u c t i o n  by D e v a r d a ' s  a l l o y .  S u s p e n d e d  s o l i d s  
c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  by f i l t r a t i o n  t h r o  ugh g l a s s  f i b r e  
f i l t e r  p a p e r  (Whatman,  GF/C, 70 ireii d i a m e t e r )  and d r i e d  a t  105 ^0 .
W a te r  s a m p l e s  an d  p i g  exc remeni ,  c o l l e c t e d  f rom t h e  e x p é r i m e n t a ]  
f a r m ,  C u l b a e ,  w e re  chem ic a l l  a n a l y s e d  a t  t h e  l a b o r a t o r i e s  o f  t l ie  
So lw ay  R i v e r  P u r i f i c a t i o n  Board ,  Dumfr i e s ,  a l s o  u s i n g  s t a r v j a r d  met hods  
P i g  e x c r e m e n t  f rom B r i c k r o w  and C u lb a e  was a n a l y s e d  i n  I,lu'se 
l a b o r a t o r i e s  b y  t h e  m e t h o d s  d e s c r i b e d  i n  S e c t i o n  1.
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EVALUATION OF METHODS 
E v a l u a t i o n  o f  m e d i a  f o r  c o u n t i n g  E s c h e r i c h i a  c o l i
C o m p ar i so n  o f  f o u r  s e l e c t i v e  m e d i a  i n c u b a t e d  a t  3 7 ^ C . F o u r  s e l e c t i v e
m e d i a  w e r e  t e s t e d  to  s e e  i f  t h e y  c o u l d  be u s e d  to d i f f e r e n t i a t e
b e t w e e n  p u r e  c u l t u r e s  o f  E s c h e r i c h i a  c o l i  (NCTC 9 0 0 1 ) ,  A e r o b a c t e r  a e r o g e n o s
(NCTC 8712)  a n d  a  s p e c i e s  o f  P r o  t e n s  (No 15A, The West  o f  S c o t l a n d
A g r i c u l t u r a l  C o l l e g e  s t o c k  c u l t u r e s ) ,  when grown on t h e  s u r f a c e  of
membrane f i l t e r s  a t  37 °C ,  A v i a b l e  c o u n t  o f  E.  c o l i  b y  t h e  p o u r
p l a t e  met hod  on n u t r i e n t  a g a r  ( O x o i d )  was compared w i t h  a v i a b l e
c o u n t  o b t a i n e d  by membrane f i l t r a t i o n .
The m ed ia  u s e d  f o r  membrane f i l t r a t i o n  w e r e  Endo membrane b r o t h
( O x o i d ) ;  and Endo membrane b r o t h  f o l l o w i n g  2 h o u r s '  i n c u b a t i o n  o f
t h e  i n o c u l a t e d  membrane on R e s u s c i t a t i o n  b r o t h  ( O x o i d ) ;  hacto-m-HD
endo b r o t h  ( D i f c o ) ;  Dacto-m-lID endo b r o t h  W/HG ( D i f c o ) ;  and
Bact o -m - in )  endo b r o t h  ME ( D i f c o ) .
The t h r e e  b e s t  o r g a n i s m s  w e re  c u l t u r e d  o v e r n i î ï h t  at. 37^C i n
n u t r i e n t  b r o t h  ( O x o i d ) ,  Each b r o t h  c u l t u r e  was t h e n  d i l u t e d  by a
f a c t o r  o f  10^ w i t h  -4  s t r e n g t h  R i n g e r s  s o l u t i o n  t o  o b t a i n  s u s p e n s i o n s
3c o n t a i n i n g  a p p r o x  i trn t e l  y 100 o r g a n i s m s  p e r  cm , A v i a b l e  c o u n t  of 
t h e  s u s p e n s i o n  o f F„ c o l  i was d e t e r m i n e d  by I tie p o u r  p l a t e  me thod .
V i a b l e  c o u n t s  o f  e a c h  o f  t h e  t h r e e  s u s p e n s i o n s  were  i l ie n  d e t e r m i n e d  
b y  t h e  membrane f i l t r a t i o n  m e th o d  u s i n g  e a c h  o f  I lie t e s t  m e d i a .
In a d d i t i o n ,  v i a b l e  c o u n t s  o f  E.  cjyEi. c mixl -ure  o f  eq u a l
v o lu m e s  o f  t i ie  F . c o l i  s u s p e n s  i on and the  P r o t e u s s p . s u s p e n s i o n ,  
and f rom a  m i x t i r  e o f  efpia l  v o l u m e s  o f  t h e  ii. co 1 i s u s p c n s i o n  and t h e  
A, a e r o g e n e s  s u s p e n s i o n ,  were  a l s o  d e t e r m i n e d  bv t h e  membrane f i l t r a t i o n  
m e th o d ,  u s i n g  e a c h  o f  t h e  t e s t  m e d i a .  A l l  t l ie  i n o c u l a t e d  mem branes
TABLE 17
C o m pari son  o f  t l io  v i a b l e  c o u n t  o f  E s c h e r i c h i a  c o l i  on n u t r i e n t  
n g n r  w i t l i  c o u n t s  o b t a i n e d  on  m-endo b r o t h  W  a f t e r  membrane 
f i l t r a t i o n  w i t h  and w i t h o u t  t h e  p r e s e n c e  o f  o t h e r  o r g a n i s m s .
TABLE 17
C o u n t i n g  Method C u l t u r e
V i a b l e  c o u n t  o f  
E . c o l i / c m
Membrane F i l t r a t i o n E.  c o l i 91
E,  c o l i  + A. a e r o g e n e s 90
E,  c o l i  + P r o t e u s  s p . 97
P o u r  P l a t e E ,  c o l i 120
w e r e  i n c u b a t e d  a t  37^C.  A f t e r  24 h t h e  membranes  w e r e  exa m ined  f o r  
t h e  p r e s e n c e  o f  c o l o n i e s  of  t h e  t e s t  o r g a n i s m s  and to  s e e  i f  the  
c o l o n i e s  o f  E,  c o 1 i c o u l d  be  r e a d i l y  d i f f e r e n t i a t e d  f rom c o l o n i e s  o f  
A, a e r o g e n e s  a n d  P r o t e u s  s p .
C o l o n i e s  o f  E.  c o l i  w e r e  c o u n t e d  o n l y  on t h o s e  m e d i a  w h ic h  
a l l o w e d  c l e a r  d i f f e r e n t i a t i o n  o f  E,  c o l i  c o l o n i e s  from t h o s e  o f  t h e  
o t h e r  two g e n e r a .  Where more t h a n  one c o l o n y  t y p e  was  c l e a r l y  
v i s i b l e  a  s e l e c t i o n  o f  p r e s u m p t i v e  E,  c o l i  c o l o n i e s  from t h e  membranes  
s u p p o r t i n g  a m i x t u r e  of two g e n e r a  w e re  s u b - c u l t \ u ’ ed i n t o  p e p t o n e  b r o t h .  
A f t e r  i n c u b a t i o n  a t  37^C f o r  24 h t h e  c u l t u i ’ e s  wo re  u s e d  f o r  E i jk m a n  
and TW iC t e s t s  t o  c o n f i r m  th e  p r e s e n c e  o f  E.  c o l i  ,
A l l  t h e  m e d ia  t e s t e d  u s i n g  t h e  membrane f i l t r a t i o n  method 
s u p p o r t e d  t h e  g r o w t h  o f  a l l  t h r e e  t e s t  o r g a n i s m s .  On t l i e  Undo membrane 
b r o t h ,  R e s u s c i  t a t i o n / E n d o  b r o t h ,  m-ïil) endo b r o t h  and m-lID endo b r o t h  V//hG, 
t h e  c o l o n i e s  o f  E, c o l i  w e r e  n o t  e a s i l y  d i s t i n g u i s h a b l e  f rom c o l o n i e s  o f  
A, a e r o g e n e  s a n d / o r  P r o t e u s  s p , On m-endo b r o t h  ME, h o w e v e r ,  a 
m e t a l l i c  s h e e n  c l e a r l y  d i f f e r e n t i a t e d  E.  c o l i c o l o n i e s  f rom  c o l o n i e s  
o f  t h e  o t l n r  two organ ism s- .
Tlie numbers  o f  c o l o n i e s  o f  co l  i on 11 le membrane fi  I t e r s  above 
m-endo b r o t h  ME w e re  c o u n t e d  t o  o b t a i n  a v i a b l e  c o u n t  o f  E. co_lj_ i n  
t h e  s u s p e n s i o n .  T h e s e  r e s u l t s  a r e  shown i n  T a b l e  17 .  Twent.v-i  wo 
c o l o n i e s  w e re  p i c k e d  from t h e  s u r f a c e  o f  th e  membrane s u p p o r t i i r ? :  a 
m ix t . u re  oJ' E. co 1 i  and A. a e r o g e n e s  and a l l  t h e  c o l o n i e s  w e re  c o n f i r m e d  a s  
E.  c o l i . S i m i l a r l y  e i g h t e e n  c o l o n i e s  w e re  i s o l a t e d  and conf i im ied  a s  
E, c o l  i f rom t h e  s u r f a c e  o f  ( h e  meubrane s u p p o r t i n g  a mix tui e o f  co 1 i 
and P ro  t e us  s p .
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Thus  m-endo  b r o t h  MF was  t h e  o n l y  medium t e s t e d  w h i c h  was  f o u n d  
t o  a l l o w  d i f f e r e n t i a t i o n  o f  E ,  c o l i  f r o m  t h e  A e r o b a c t e r  s p . and 
P r o t e u s  s p . C o m p ar i s o n  of  t h e  membrane f i l t r a t i o n  m e thod  an d  m-endo 
b r o t h  MF w i t h  t h e  p o u r  p l a t e  m e t h o d  and n u t r i e n t  a g a r  showed o n l y  a 
s m a l l  i n h i b i t i o n  o f  £ .  c o l i  by t h e  s e l e c t i v e  medium,  m-endo b r o t h  MF,
C o m p ar i s o n  o f  b a c t o  MFC b r o t h  w i t h  b a c t o  m-endo b r o t h  MF. The u s e  o f  
b a c t o  MFC b r o t h  ( D i f c o ,  c o d e  08 83)  p l u s  1 p e r  c e n t  o f  a r o s o l i c  a c i d  
s o l u t i o n  ( 1 g Bacto  I l o s o l i c  a c i d  + 100 om^ Ü.2N so d iu m  h y d r o x i d e )  
i n c u b a t e d  a t  44^C,  was  com pared w i t h  m-endo b r o t h  MF i n c u b a t e d  a t  37^C,  
f o r  t h e  e n u m e r a t i o n  o f  E.  c o l i  by  membrane f i l t r a t i o n  o f  w a t e r  s a m p l e s .  
The i s o l a t i o n  an d  e n u m e r a t i o n  o f  E.  c o l i  a t  44^C would  r e d u c e  t h e  
n e c e s s i t y  o f  f r e q u e n t  s u b - c u l t u r i n g  f rom  th e  mem branes  f o r  c o n f i n n a t i o n  
t e s t s .
P u r e  c u l t u r e s  o f  E.  c o l i  and A. a e r o g e n e s  were  grown o v e r n i g h t  a t  
37 ^0  i n  n u t r i e n t  b r o t h .  Bo th  c u l t u r e s  we re  d i l u t e d  by a f a c t o r  o f  10^ 
w i t h  y  s t r e n g t h  R i n g e r s  s o l u t i o n  t o  o b t a i n  s u s p e n s i o n s  c o n t a i n i n g
3
a p p r o x i m a t e l y  100 o r g a n i s m s  p e r  cm , V i a b l e  c o u n t s  o f  K. co 1 i. and 
A. a e r o g e n  es i n  t h e  s u s p e n s i o n s  w e re  t h e n  d e t e r m i n e d  by t h e  nembrane 
f i l t r a t i o n  m e th o d  u s i n g  e a c h  o f  t h e  two m e d i a .  P l a t e s  c o n t o i n i n g  
membranes  p l a c e d  ab o v e  m-endo b r o t h  MF w e r e  i n c u b a t e d  el 37^C w l i i l e  
p l a t e s  c o n t a i n i n g  membranes  p l a c e d  abo ve  MFC b r o i h  w e r e  s e a l e d  i n  
p l a s t i c  b a g s  and t h e  baps  su bm erged  i n  a w a t e r  b a t h  at 44^0„ Al l  t h e  
membrane f i l t e r s  w e re  ex amined  f o r  the  p r e s e n c e  o f  c o l o n i e s  o f  F.  c o 1 i 
a f t e r  24 h and t h e  num ber s  o f  E.  c o l  i c o lo n ic r s  on e a c h  memhrane we re  
c o u n t e d .  C o r n t s  o f  t h e  num bers  o f  H, t'o 1 i i n  so m l  cs  o f  l a n d  d r a i n a g e  
w a t e r  w e re  a l s o  made u s i n g  i he two m e d i a .
î : » ï
TABLl^  18
C o m p a r i so n  o f  m-endo  b r o t h  w i t h  M?C b r o t h  f o r  t h e  s e l e c t i v e  
i s o l a t i o n  and e n u m e r a t i o n  Of E .  c o l i  by  membrane f i l t r a t i o n .
TAîÆE 18
Sample m-endo b r o t h  MF MFC b r o t h
E.  c o l i  c u l t u r e 8 . 7  X 10^0 3 . 4  X lO^O
3 0Land D r a i n a g e  W a t e r  1 7 . 2  X 1 0 ' 2 . 8  X 1 0 “'
2 1 . 9  X lo"^ 5 . 2  X 10^
3 2 . 8  X 10^ 8 . 8  X 10^
4 6 . 2  X 10^ 3 . 8  X 10'^
5 1 . 8  X lo"^ 7 . 0  X 10^
7 ’i
The r e s u l t s  o f  t h e  nu m b ers  o f  E .  c o l i  i n  t h e  s u s p e n s i o n  a s  
d e t e r m i n e d  by t W  two m e d i a  a r e  shown i n  T a b l e  18.  A. a e r o g e n e s  was 
i n h i b i t e d  on MFC b r o t h  i n c u b a t e d  a t  44^C.  The n u m b e r s  o f  E ,  c o l i
g r o w i n g  on t h i s  m e d i a  w e r e  c o n s i d e r a b l y  l o w e r  t h a n  t h e  numbers  g r o w i n g  
on endo b r o t h  MF. As i n  t h e  p r e v i o u s  e x p e r i m e n t  a l l  t h e  p r e s u m y i t iv e  
E.  c o l i  c o l o n i e s  i s o l a t e d  f o r  c o n f i r m a t i o n  t e s t s  w e re  fo u n d  t o  he E.  c o 11 
W h i l e  W C  b r o t h  i n c u b a t e d  a t  44^C i n h i b i t s  t h e  g r o w t h  o f  o r g a n i s m s  
o t h e r  t h a n  E .  c o l i , i t  i s  a l s o  more  i n h i b i t o r ^ ” f o r  E.  c o l i  t h a n  endo 
b r o t h  iVîF i n c u b a t e d  a t  3 7 ^ 0 .
E v a l u a t i o n  o f  m e d i a  f o r  c o u n t i n g  e n t e r o c o c c i
B a c t o - m - e n t e r o c o c c i i s  a g a r  ( D i f c o )  d e v i s e d  by 81ane t%  and B a r t l e y  
( 1 9 5 7 ) was  c l a i m e d  by  th e  a u t h o r s  t o  be  one h u n d r e d  p e r  c e n t  s e l e c t i v e  
f o r  e n t e r o c o c c i ,  ev e n  when f i l t e r i n g  h e a v i l y - p o l l u t e d  w a t e r  s a m p l e s .
They a l s o  fou nd  t h a t  t h e  r a t i o  o f  E s c h e r i c h i a  c o l i  to f a e c a l  s t r e p t o c o c c i  
i n  p o l l u t e d  w a t e r  s a m p l e s  was h i g h e r  u s i p g  t h i s  medium t b a n  u s i n g  o t h e r  
m e d i a .
T h i s  medi 1 mi was compared w i t h  B a c t o - m - a z i d o  b r o t h  ( D i f c o )  f o r
t h e  e n u m e r a t i o n  o f  e n t e r o c o c c i  by membrane f i l t r a t i o n .
B ro th  c u l t u r e s  o f  S t r e p t o c o c c u s  f a e c a l  i s  (NCIB 3 7 0 ) ,  S t r e p t o c o c c u s
l a c t i s  (NCDA 7 1 2 ) ,  S t r e p t o c o c c u s  d u r  a n s  (NCI B 8 5 8 7 ) ,  A., a e r o g e n e s ,
Baci 11 u s  s u b i  11 i s  (NCTB 8063)  w e re  grown o v e r n i g h t  a t  37^^C i n  n u t r i e n t
b r o t h .  Each  c u l t u r e  was t h e n  d i l u t e d  by a  f o c i  o r  o f  10^' w i t h  j s t r e n g t h
R i n g e  r  s so 1 u I i o n  to o b t a i n  s u s p e n  s i o n s con t  a i n i 11 g a p p r  o v i ma t e l  \-
3100 o r g a n i s m s  p e r  cm' . V i a b l e  counl .s  o f  e o c h  o f  t l io f o u r  s u s p e n s i o n s  
w e re  d e t e r m i n e d  by the  membrane f i 1 t r o t i o n  me I hod u s i n g  e a c h  o f  t h e  
two m e d i a .  The i n o c u l a t e d  f i l t e r s  w e r e  i n c u b a t e d  a t  3 ? " C mid examined
a f t e r  48  h f o r  t h e  p r e s e n c e  o f  c o l o n i e s .  The n um bers  o f  S t r . f a e c a l  i s  
c o l o n i e s  w e r e  c o u n t e d .  A v i a b l e  c o u n t  o f  t h e  s u s p e n s i o n  of  
S t r . f a e c a l i s  was d e t e r m i n e d  b y  t h e  p o u r  p l a t e  method u s i n g  n u t r i e n t  
a g a r ,  A s a m p le  o f  l a n d  d r a i n a g e  w a t e r  was  a l s o  f i l t e r e d  t h r o u g h  
membranes  and t h e  membranes  i n c u b a t e d  on b r o t h  m e d i a .  M i c r o s c o p e  
s l i d e  p r e p a r a t i o n s  o f  c o l o n i e s  a r i s i n g  f rom  d r a i n a g e  w a t e r  w e re  Cram 
s t a i n e d .
S t r . l a c t i s , S t r . d u r a n s . A. a e r o g e n c s  and s u b t i l i s  a l l  f a i l e d  t o
p r o d u c e  c o l o n i e s  on membranes  i n c u b a t e d  o n  m - e n t e r o c o c c u s  a ; r a r . Some
g r o w th  o f  13. s u b t i  l i s  d i d  o c c u r  on m - a z i d e  b r o t h .
The n u m b e r  o f  S t r . f a e c a l i s  i n  t h e  s u s p e n s i o n  a s  e s t i m a t e d  bv
3t h e  p o u r  p l a t e  method was 100 p e r  cm , w h e r e a s  t h e  number  e s t i m a t e d
g
by membrane f i l t r a t i o n  i i s ip g  m - e n t e r o c o c c u s  a g a r  was  60 p e r  cm' . 
O ra n v - s t a in e d  p r e p a r a t i o n s  o f  c o l o n i e s  i s o l a t e d  f rom s a m p l e s  o f  l a n d  
d r a i n a g e  w a t e r  on m - e n t e r o c o c c u s  a g a r  showed t h a t  a l l  i b e  c o l o n i e s  
w e re  c o m p r i s e d  o f  G r a m - p o s i t i v e  c o c c i ,  A few c o l o n i e s  i s o l a i e d  f rom 
l a n d  d r a i n a g e  w a t e r  on m - a z i d e  b r o t h  c o n t a i n e d  G r a m - p o s i t i v e  r o d s .
The numbers  o f  S t r . f a e c a l i s  w e r e  i n  c l o s e  a g r e e m e n t  w i t h  t h e  
number  o b i a i n e d  on n u t r i e n t  a g a r  and o n l y  G r a m - p o s i t i v e  c o c c i  w e re  
i s o l a t e d  f r o m  l a n d  d r a i n a g e  w a t e r  on m - e n t e r o c o c c u s  a g a r .  T h e r e f o r e ,  
p r o v i d e d  t h a t  c o l o n i e s  o b t a i n e d  on t h i s  medium a r e  G r a m - p o s i t  i v e  c o c c i ,
then  i t  seems r e a s o n a b l e  t o  assume t h a t  t h e y  a r e  e ri, e r o c o  cc i .
Examinai  ion  o f  t h e  r e p r o d u c i b i l i t y  o f  t h e  m<?mbrane f i I t  r a t  i o n  method
D epending  on t h e  fltJw r a t e  of  d r a i n a g e  wai(U‘ , t h e  v o lu m e  of
w a t e r  s amji le s  f i l t e r e d  f o r  t h e  e s t i m a t i o n  o f  t h e  n u m b e r s  o f
3
E s c h e r i c h i a  £ 0 _l_i_ w e re  u s u a l l y  0 , 5 ,  2,  1 0 ,  5 0 ,  2 5 0  o r  1 , 0 0 0  cm .
nnLE  19
Th e r e p r o d u c i b i l i t y  o f  t h e  membrane f i l t r a t i o n  m e t h o d ,
The c o n c e n t r a t i o n  o f  Fi. e o l i  was  e s t i m a t e d  i n  s i x  s a m p l e s  o f  
l a n d  d r n i r i a g o  w a t e r .  The number  o f  E.  c o l i  was  e s t i m a t e d  i n  
t e n  s u h - sh m j^ l e s  of e a c h  sain j i le .
TABLE 19
VoÎ . P i Î t  o r  od ( cm^) 0 . 5 2 10 50 250 1000
Number o f  c o l o n i e s 150 140 55 194 173 210
o f  E „ c o l i 220 150 70 170 179 208
134 135 81 189 176 194
165 133 75 169 175 201
180 144 70 177 173 197
170 125 65 206 174 198
193 136 77 198 179 206
230 130 75 197 173 201
132 150 79 171 175 199
180 125 65 210 176 198
S t a n d a r d  D e v i a t i o n 3 2 , 8 3 9 , 1 5 7 . 9 0 1 5 . 3 5 2 . 2 6 5 . 1 8
C o e f f i c i e n t  o f  
V a r i a t i o n ,  fc 1 8 . 7 6 . 7 1 1 , 0 8 . 2 1 . 3 2 . 6
T H
To examine t h e  r e p r o d u c i b i l i t y  o f  t h e  membrane f i l t r a t i o n  me thod u s e d  
i n  t h e  l a b o r a t o r y ,  s e v e r a l  r e p l i c a t e  c o u n t s  o f  co 1 i  i n  s a m p l e s  o f  
d r a i n a g e  w a t e r  f r o m  t h e  e x p e r i m e n t a l  p a s t u i ’ e ,  B r i c k  row ,  w e r e  made.
Sanqg] e s  o f  d r a i n a g e  w a t e r  w e r e  c o l l e c t e d ,  on s i x  d i f f e r e n t  o ^ n a s i o n s .  
T h e s e  w e re  e a c h  d i v i d e d  i n t o  t e n  s u b - s a m p l e s  o f  t h e  a p p r o p r i a t e  
v o l u m e ,  d e p e n d i n g  o n  t h e  f low r a t e  o f  t h e  d r a i n  d i s c h a r g e ,  Plach 
s u b - s a m p l e  was  t h e n  f i l t e r e d  and t l i e  c o n c e n t r a t i o n s  o f  t ,  c o l i  
e s t i m a t e d  a f t e r  i n c u b a t i n g  t h e  i n o c u l a t e d  membranes  on m-cndo b r o t h  MF,
The numiie rs  o f  c o l o n i e s  o f  E. co l i  o b t a i n e d  f r o m  e a c h  s am p le  
f i l t e r e d  i s  g i v e n  i n  T a b l e  19 .  From t h e s e  r e s u l t s  t h e  s t a n d a r d  
d e v i a t i o n s  and c o e f f i c i e n t  o f  v a r i a t i o n  w e re  c n l c u i a t e d  f o r  e a c h  
vo lume f i l t e r e d  and a r e  a l s o  g i v e n  i n  T a b l e  19.
Thus  f o r  c o n c e n t r a t i o n s  o f  E.  c o l i  i n  l a n d  d r a i n a g e  w a t e r  b e lo w  
5 X l O ' ^ / l ,  t he  membrane f i l t r a t i o n  method g av e  ve r \ -  refsrorhic i b 1 e 
r e s u l t s .  I t  WPS o n l y  a t  h i g h e r  c o n c e n t r a t i o n s  t h a t  s n b s t a n l i  a l  e r r o r s  
w e r e  a p p a r e n t ,  bu t o v e r  t h e  r a n g e  o f  c o n c e n t r a t i o n s  o f  f a e c a l  b a r  1e r  l a  
fo u n d  i n  t l ip d r a i n  d i s c h a r g e  t lie se  e r r o r s  a r e  not. i m p o r t a n t , .
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PART A. FACTORS AFFECTING TÏTE CONCENTRATIONS OF FAECAI., BACTERIA IN 
LAND DRAINAGE WATER 
INTRODUCTION
The c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  an d  c h e m i c a l  p o l l u t i o n  i n  
l a n d  d r a i n a g e  w a t e r  f r o m  t h e  e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w ,  w e re  
f i r s t  m o n i t o r e d  i n  t h e  a b s e n c e  o f  r e c e n t  e x c r e m e n t  a p p l i c a t i o n  to t h e  
l a n d .  P i g  e x c r e m e n t  was  t h e n  a p p l i e d  t o  t h e  l a n d  and t h e  e f f e c t s  
on t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  and c h e m i c a l  p o l l u t a n t s  i n  
t h e  w a t e r  o b s e r v e d .
S am p le s  o f  l a n d  d r a i n a g e  w a t e r  w e r e  c o l l e c t e d  t h r o u g h o u t  t h r e e  
s u c c e s s i v e  w i n t e r s  f o r  b a c t e r i o l o g i c a l  and c h e m i c a l  e x a m i n a t i o n .  Each 
sam ple  was  d i v i d e d  i n t o  two p o r t i o n s .  One p o r t i o n  was  bat; t e r i  o 1 ogi  c a l l y  
ex am ined  w i t h i n  30 min o f  c o l l e c t i o n  f r o m  t h e  p a s t u r e ,  w h i l e  t h e  
o t h e r  p o r t i o n  was  s t o r e d  a t  5^C f o r  1 t o  120 h b e f o r e  b e i n g  c h e m i c a l l y  
a n a l y s e d .
W i n t e r  lOOS/O. To s t u d y  t h e  f a c t o r s  a f f e c t i n g  t ! i e  c o n c e n t r a t i o n s  
o f  f a e c a l  b a c t e r i a  i n  l a n d  d r a i n a g e  w a t e r ,  i n  t h e  a b s e n c e  o f  r e c e n t  
e x c r e m e n t  a p p l i c a t i o n  to  t h e  p a s t u r e ,  no a n i m a l s  w e r e  a l l o w e d  on to  
t h e  p a s t u r e  and no e x c r e m e n t  was  a p p l i e d  d u r i  np t l î e  w i n t e r .  C om posi t e  
s a m p le s  o f  t h e  d i s c h a r g e  w e re  c o l l e c t e d  from I die s a m p l i n g  s t a t i o n ,  
u s i n g  e i t h e r  the  R o ck -a n d  T a y l o r  i n t e r v a l  l i q u i d  s a m p l i n g  m ach in e  o r  
t h e  Lea  1 itpuid s a m p l i n g  m a c h i n e .  Between 1 7 / 9 / 0 8  and 1 c / lO /O B  c o m p o s i t e  
s a m p l e s  o f  d r a i n a g e  w a t e r  w e r e  c o l l e c t e d  on f o u r  d a ^ s  ea c h  w ee i f .
A f t e r  2 2 / 1 0 / 0 8  c o m p o s i t e  s a m p l e s  w e re  col  l o c i e d  e v e r y  d a y .  Absence  
o f  some r e s u l t s  was due to o c c a s i o n a l  f a i l u r e  o f  tlie sampl i nt  ^ m a c l i i n e s .
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G a c / t e r i a l  p o l l u t i o n  o;f 4 r a i n  d i s c h a r g e  d u r i n g  S e p t e m b e r  and 
O c t o b e r  1968 ,
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mean d a i l y  flovr r a t e  o f  t h e  d r a i n  d i sc l m rfve  
o o n c e n t r o t i o n  o f  Fgcb e r i  c b i a  c o 1 i . 
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W i n t e r  1 9 6 9 / 7 0 ♦ The ' n o r m a l *  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  
i n  t h e  d r a i n  d i s c h a r g e ,  i n  t h e  a b s e n c e  o f  r e c e n t  a p p l i c a t i o n  o f  
e x c r e m e n t  t o  t h e  p a s t u r e ,  w e r e  a g a i n  m o n i t o r e d  by c o l l e c t i n g  c o m p o s i t e  
s a m p l e s  o f  t h e  d i s c h a r g e .  P i g  e x c r e m e n t  was s p r a y e d  o n t o  t l i e  s u r f a c e  
o f  t h e  p a s t u r e  on f o u r  o c c a s i o n s  d u r i n g  t h e  w i n t e r .  Between November 
1969 and J a n u a r y  1970 c o m p o s i t e  s a m p l e s  o f  d r a i n a g e  w a t e r  w e re  
c o l l e c t e d  us ing,  t h e  Rock and T a y l o r  a n d / o r  Lea 1 i q u i d - s a m p l i u i i  
m a c h i n e s .  From J a n u a r y  1970 u n t i l  A p r i l  1970 d a i l y  s a m p l e s  we re  
c o l l e c t e d  u s i n g  t h e  c o n t i n u o u s  l i q u i d - s a m p l i n g  m a c h i n e .
W i n t e r  1 9 7 0 / 7 1 . The c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  t h e  
d i s c h a r g e  i n  t h e  a b s e n c e  o f  r e c e n t  e x c r e m e n t  a p p l i c a t i o n  t o  t h e  
p a s t u r e  w e r e  e s t i m a t e d  i n  c o m p o s i t e  s a m p l e s  o f  t h e  d r a i n  d i s c h a r g e ,  
c o l l e c t e d  t h r o u g h o u t  O c t o b e r  1970,  u s i n g  t h e  c o n t i n u o u s  l i q u i d - s a m p l i n g  
m a c h i n e .  F o l l o w i n g  t h e  s t a r t  o f  t h e  e x c r e m e n t  a p p l i c a t i o n s  in  
O c t o b e r  and November  1970 ,  s p o t  s a m p l e s  o f  d r a i n a g e  w a t e r  we re  
c o l l e c t e d  a t  i n t e r v a l s  o f  0 . 5  t o  4 h f o r  a b o u t  30 h .
RFSULT5J
The r e s u l t s  o f  a n a l y s e s  o f  c o m p o s i t e  s a m p l e s  o f  l a n d  d r a i n a g e  
w a t e r  c o l l e c t e d  i n  t h e  a b s e n c e  o f  r e c e n t  a p p l i c a t i o n  o f  excrei r.eni  
t o  t h e  l a n d  showed a p o s i t i  v e  r e l a t i o n s h i p  bn tw oen  t h e  conn e n t r a i  io n  
o f  f a e c a l  b a c t e r i a  i n  d r a i n a g e  w a t e r  and t h e  flow r a t e  o f  t h e  d r a i n  
d i s c h a r g e .  (C o m p l e t e  t a b l e s  o f  a l l  t h e  r e s u l t s  a r e  g i v e n  in  t h e  
a p p e n d i x . )  The e a r l i e r  r e s u l t s  o f  e x a m i n a t i o n  o f  s a m p l e s  c o l l e c t e d  
f o u r  d a y s  p e r  week d u r i n g  S e p t e m b e r  and O c t o b e r  1968 ( t i g ,  14) 
s u g g e s t e d  t h a t  t ine c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  Ih e  d i s c h a r g e
FIGURE 15
B a c t o r i o l  p o l l u t i o n  o f  d r a i n  d i s c h a r g e  d u r i  ug w i n t e r  1 9 6 8 / 0 .
C o n t i n u o u s  l i n o  -  mean d a i l y  f l o w  r a t e  o f  t h e  d r a i n  d i s c h a r g e  
• •  -  cone e n t r â t  i o n  o f  Use h e r  i  ch i  a co 1 i  .
,.*• 4i|* 4*  * * „  CO IK' e n t r â t  ion  o f  e n t e r o c o o c i .
FIGURE 15
VIABLE u n i t s / I
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1 1  III!  Il w
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Bac (,nr i o l  p o l l u t i o n  o f  d r a i n  d i s c h a r g e  d u r in ,‘t w i n t e r  1960 /70 ,
O o n t . i n u o n s  l i n e  -  m e a n  d a i l y  f l o w  o f  t h e  d r a i n  d i s c h a r g e .
— A " ” A  — -  c o n c e n t r a t i o n  o f  E s c h e r i c h i a  c o l i .
• * • - ! • • •  -  c o n e  e  n t r a t i o n  o f  e n t e r o c o o c i  .
^ ' ^ e r t i o a l  l i n e ?  -  d a y s  v.dien p l y  e x c r e m e n t  w a ? a n p l  i cd t o  t h e
p a s t u r e .
'1 “ 22 m^/ha
-  33 m'Vha
-  5 .6  n i ^ / l i n  
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FIGURE 17
B a c t e r i a l  p o l l u t i o n  of  d r a i n  d i s c h a r g e  d n r i n y  O c l a h e r  1970.
C o n t i n u o n s  l i n e  -  mean d a i l y  f l m '  r a t e  o f  t h e  d r a i n  di so he r y e  
“  • " A “  -  c o n c e n t r a t i o n  o f  E s c h e r i c h i a  c o l i .









D R A IN  DISCHARGE, l /s O
w e re  h i g h e r  a t  h i g h  f l o w  r a t e s  and l o w e r  a t  low f l o w  r a t e s .  T hese  
w e r e  l a t e r  c o n f i r m e d  by s t a t i s t i c a l  a n a l y s i s  o f  t h e  s a m p l e s  c o l l e c t e d  
7 d a y s  e a c h  week b e t w e e n  O c t o b e r  1968 and F e b r u a r y  1 9 69 .
The r e l a t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b o c t e r i o  
i n  t h e  d r a i n a g e  w a t e r  and t h e  f l o w  r a t e  o f  t h e  d i s c h a r g e  was a g a i n  
d e m o n s t r a t e d  d u r i n g  t h e  w i n t e r  1 9 6 9 / 7 0  ( F i g .  16)  and d u r i n g  O c t o b e r  
1970 ( F i g .  1 7 ) ,  Ho we ve r ,  b e c a u s e  of t h e  e f f e c t s  o f  a p p l y i n g  p i g  
e x c r e m e n t  to  t h e  p a s t u r e  on s e v e r a l  o c c a s i o n s  d u r i n g  t h e  w i n t e r s  
1 9 6 9 / 7 0  and 1 9 7 0 /7 1  t h e r e  w e t ’^ i n s u f f i c i e n t  d a t a  b e t w e e n  s l u r r y  
a p p l i c a t i o n  to  a n a l y s e  t h e  r e s u l t s  by  s t a t i s t i c a l  m e t h o d s .
E f f e c t  o f  f l ow  r a t e  o f  t h e  d r a i n  d i s c h a r g e  on t h e  c o n c e n t r a t i o n s  o f  
f a e c a l  b a c t e r i a
The r e s u l t s  o f  d a i l y  b a c t e r i o l o g i c a l  e x a m i n a t i o n  o f  c o m p o s i t e  
s a m p l e s  o f  l a n d  d r a i n a g e  w a t e r  c o l l e c t e d  a f t e r  22 O c t o b e r  1968 and 
t h e  menu d a i l y  d i s c l v a r g e  r a t e  of  w a t e r  f r o m  t h e  d r a i n  a r e  i l l u s t r a t e d  
i n  F i g .  1 5 ,  E s c h e r i c h i a  c o l i  and e n t e r o c o o c i  w e re  r e g u l a r l y  I s o l a t e d  
f rom smîi]:)les o f  l a n d  d r a i n a g e  w a t e r  t h r o  u g h o u t  t h e  w i n t e r  and t l u r i r  
c o n c e n t r a t i o n s  r a n g e d  f rom 2 x 10^ t o  10^ E.  c o l i / l  and 10^ to  1 ,4  x 10 
e n t e r o c o c c i / l . The c o n c e n t r a t i o n s  w e re  h i g h e r  a t  h i g h  f low r a t e s  and 
lo w e r  a t  low f l o w  r a t e s .  More t h a n  97 p e r  c e n t  of  p r e s u m p t  i ^ e  F . coi  i 
c o l o n i e s  i s o l a t e d  f r o m  t h e  membrane f i l t e r s  p r o v e d  to  he F .  c o l i .
S i n c e  i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h i s  o r g a n i s m  i s  o f  e x c l u s i v e l y  
f a e c a l  o r i g i n  and d o e s  not  m u l t i p l y  i n  s o i l  o r  on v e g e t a t i o n  ( M i n i s t r y  
o f  H e a l t h  and S o c i a l  S e c u r i t y ' ,  1909)  and s i n c e  no a n i m a l  ex c rem en t  
was a p p l i e d  t.n t h e  p a s t u r e  d u r i n g  {.he w i n t e r  o f  1 9 6 8 / 9 ,  tdiose p r e s e n t  
i n  t h e  d r a i n  d i s c h a r g e  c a n  be pre sunsed to have  o r i g i n a t e d  from f a e c a l
4
s'O
inater i t \ . l  a p p l i e d  to  t h e  p a s t u r e  d u r i n g  t h e  summer.  A l l  c o l o n i e s  
f r o m  e n t e r o c o c c u s  a g a r  t h a t  w e r e  examined  w e r e  e n t o r o c o c o i ,  and 
a l s o  p r e s u m e d  t o  h a v e  o r i g i n a t e d  f rom f a e c a l  m a t e r i a l  a p p l i e d  d u r i n g  
t h e  summer.  I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  E,  c o l i  and e n t e r o c o o c i  
i s o l a t e d  f r o m  t h e  d r a i n  d i s c h a r g e  i n  F e b r u a r y  1909 had s u r v i v e d  i n  
o r  on t h e  p a s t u r e  f o r  a t  l e a s t  f o u r  m o n t h s .
R e g r e s s i o n  a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  w i n t e r  1 9 6 8 / 9  show 
t h a t  t h e  l o g a r i t h m  c o n c e n t r a t i o n s  o f  t h e  two g r o u p s  o f  b a c t e r i a  in  
t h e  d r a i n a g e  w a t e r  a r e  r e l a t e d  to  t h e  l o g a r i t h m  f low r a t e  oF t h e  
d i s c h m ' g e  and t h e  nu mber  o f  d a y s  a f t e r  1 O c t o b e r  1968 by an e q u a t i o n  
o f  t h e  form
Y = a  + bX -  oZ
w h e re  Y = l o g ^ ^  c o n c e n t r a t i o n  o f  b a c t e r i a  i n  t l i e  d i s c h a r g e ,
v i a b l e  u n i t s / l
X = l o g  flow' r a t e  o f  t h e  d i s c h a r g e ,  l / s
Z = num ber  o f  d a y s  a f t e r  1 O c t o b e r  1968
and a ,  b ,  c ,  a r e  c o n s t a n t s .
F o r  F .  c o l i  t h e  e q u a t i o n  g i v i n g  t h e  b e s t  f i t  i s
Y = 4 . 8 4  + 0 .5 2 1  ( t  0 . 0 5 5 )  X -  0 . 0 1 7 6  (±  0 . 0 0 1 5 )  Z    1
and f o r  e n t e r o c o o c i
Y = 3 . 9 0  + 0 .7 01  (±  0 . 0 6 4 )  X -  0 . 0 1 0 4  (± 0 . 0 0 1 ? )  Z . . . . .  2
t h e  f i g u r e s  i n  p a r e n t h e s e s  b e i n g  t h e  s t a n d a r d  e r r o r s  o f  t h e  r e g r e s s i o n  
c o e  f f i  c i  c u t s .
The e q u a t i o n  f o r  E,  c o l i  a c c o u n t s  f o r  77 p e r  c e n t  o f  t h e  v a r i a t i o n  
o b s e r v e d  i n  t h e  c o n c e n t r a t i o n  o f  b a c t e r i a  i n  t h e  d i s c h a r g e  and t h a t  
f o r  e n l e r o c o c c i  a c c o u n t s  f o r  70 p e r  c e n t .  No improvem en t  i s  n b l a i n e d  
by a t t e m p t i n g  t o  a l l o w  t h e  r e g r e s s i o n  c o e f f i c i e n t ,  b ,  o n - f l o w  r a t e  
t o  ch a n g e  w i t h  t i m e .  T h e r e f o r e  i t  seems r e a s o n a b l e  t o  s u g g e s t  t h a t  
t h e  c o n c e n t r a t i o n s  o f  E.  c o l i  and  e n t e r o c o c c i  i n  t h e  d i s c h a r g e  a r e  
d e t e r m i n e d  m a i n l y  by  t h o s e  f a c t o r s  i n c l u d e d  i n  t h e  r e g r e s s i o n  e q u a t i o n s ,
The r e g r e s s i o n  e q u a t i o n  o f  t h e  d i f f e r e n c e  i n  t h e  l o g a r i t h m s  f o r  
t h e  two g r o u p s  of  o r g a n i s m s  i s
Y = 0 . 8 8 9  + 0 . 1 8 0  (+ 0 . 0 4 4 )  X -  0 , 0 0 7 2  (±  0 . 0 0 1 2 )  Z  ____ 3
S i n c e  t l ie  s t a n d a r d  e r r o r s  f o r  t h e  two r e g r e s s i o n  c o e f f i c i e n t s  i n  
e q u a t i o n  ( 3 )  a r e  s m a l l e r  t h a n  c o r r e s p o n d i n g  e r r o r s  i n  e q u a t i o n s  ( l )  
and ( 2 ) i t  ca n  be c o n c l u d e d  t h a t  t h e  d i f f e r e n c e s  i n  t h e  r e g r e s s i o n  
c o e f f i c i e n t s  i n  e q u a t i o n s  ( 1 )  and ( 2 ) a r e  h i g h l y  s i g n i f i c a n t .
The r e l a t i o n s h i p  b e tw e en  t h e  t ime s i n c e  t h e  a p p l i c a t i o n  o f  animal  
e x c re m e n f  t o  t l ie l a n d  and t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  in  
t h e  d r a i n  d i s c h a r g e
Tlic ( inie f a d , o r  cZ in  t h e  r e g r e s s i o n  e q u a t i o n s  i n d i c a t  es  t l ia t  
t h e  c o n c e n t r a t i o n s  o f  E s c h e r i c h i a  c o l i  and e n l e r o r o e c i  in t h e  l and  
d r a i n a g e  w a t e r  d e c l i n e d  l o g a r i t h m i c a l l y  "with t i m e .  T h i s  r e s u l t  wo nl d 
be e x p e c t e d  f o r  t y p e s  o f  b a c t e r i a  b e l i e v e d  t o  he i n c a p a b l e  o f  
m u l t i p l i c a t i o n  i n  w a t e r  o r  s o i l ,  i n  t h e  a b s e n c e  o f  f u r l , h e r  i n o c u l a t i o n  
o f  f a e c a l  t i a d  e r i  a o n to  th e  p a s t u r e .  The v a l u e s  o f  c o e f f i c i e n t ,  c 
show t h a t  t h e  90 p e r  c^ent r e d u c t i o n  t ime f o r  t  he cone e n t r a  t. ; on o f  
E.  c o l i  in  t h e  d r a i n a g e  w a t e r  was 57 da^’s and l l i a t  f o r  ent  e r o co  oci  was 
96 d a vs
E f f e c t  o f  e x c r e m e n t  a p p l i c a t i o n  on t h e  c o n c e n t r a t i o n s  o f  f a e c a l  
b a c t e r i a  i n  t h e  d r a i n  d i s c h a r g e
On f o u r  o c c a s i o n s  d u r i n / ï  t h e  w i n t e r  o f  1 9 6 9 /7 0  p i g  e x c r e m e n t  
was  s p r a y e d  f r o m  a  vacuum t a n k e r  onto  t h e  s u r f a c e  o f  t h e  p a s t u r e .
The c o n c e n t r a t i o n s  o f  E s c h e r i c h i a  c o l i  and e n t e r o c o c c i  i n  m o s t  of  
t h e  l a n d  d r a i n a g e  w a t e r  s a m p l e s  c o l l e c t e d  d u r i n g  t h e  w i n t e r  v a r i e d  
w i t h  t h e  flov/  r a t e  o f  t h e  d i s c h a r g e .  However ,  a f t e r  t h e  a p p l i c a t i o n  
o f  p i g  e x c r e m e n t  on t h r e e  o c c a s i o n s ,  and , t h e  ' n o r m a l '
r e l a t i o n s h i p  b e t w e e n  t l i e  b a c t e r i a l  c o n c e n t r a t i o n s  and t h e  flow r a t e  
w e r e  d i s t u r b e d  ( E i g .  1 6 ) .  The c o n c e n t r a t i o n s  o f  c o 1 i and e n t e r o c o c c i  
i n  t h e  c o m p o s i t e  w a t e r  s a m p l e s  c o l l e c t e d  t h r o u g h o u t  t h e  day on w h ich  
e x c r e m e n t  was a p p l i e d  w e re  h i g h e r  t h a n  w ou ld  n o r m a l l y  be e x p e c t e d .
On e a c h  o c c a s i o n  t h e  c o n c e n t r a t i o n s  o f  E.  co 1 i and onf ( ' roco cc i  in  
f he w a t e r  s a m p l e s  c o l l e c t e d  d u r i n g  t h e  n e x t  24 li were  p r a c  (,j c a l  !>• 
a t  the  ' n o r m a l  ' v a l u e  a p p r o p r i a t e  to  t h e  f l o w  r a t e  o f  t h e  d i a c l i a r g e  
i n  t h e  a b s e n c e  o f  e x c r e m e n t  a p p l i c a t i o n s .  F o l l o w i n g  t h e  1 lui rd 
a p p l i c a t i o n  (S ^ ,  F i g .  16)  o f  p i g  e x c r e m e n t  t o  t h e  p a s t u r e  t h e r e  
w e r e  no d e t e c t a b l e  e f f e c t s  on t h e  c o n c e n t r a t i o n s  o f  co 1.i o r  
e n t e r o c o c c i  i n  t h e  d i s c h a r g e .
II  was c l e a r  f r o m  t h e s e  r e s u l t s  t l io  t  i t  w ou ld  be u s e f u l ,  a f I e r- 
a p p l y i n g  e x c r e m e n t  t o  t h e  p a s t u r e ,  t,o sample  I lie d r a i n  d i <c b a r g e  
more f r e q u e n t l y  t h a n  once  d a i l y .  T h e r e f o r e  d u r i n g  i lie w i r d f ’u o f  1970/1  
p i g  e x c r e m e n t  ( apr>roxi kyi t e  c o m p o s i t i o n  120 g s u s p e n d e d  s o l i d s / l ;  
b i o c h e î u i c a l  o x y g e n  demand,  35 g / l  ; pH v a l u e ,  8 . 7 :  F . c o l i  , 9 x 1 O'
v i a b l e  u n i t  s / l )  was a p p l i e d  to  t h e  p a s  tui" e a I a I'ai.f' o f 33 m %' l^ia on
28 O c t o b e r  ( F x p e r i i i r n t  i )  and a  siiiii 1 au volume on 23 November
FIGURE 18 
E x p e r i m e n t  I
U n e t o r i al  p o l l u t i o n  o f  d r a i n  d i s c h a r g e  a f t e r  a p p l i c o t i o n  of  
p i g  e x c r e m e n t  t o  t h e  p a s t u r e .
C o n t i  nun us  l i n e  -  f l o w  r a t e  o f  I lie d r a i n  d i s c h i r g e .
"" A * ” •" " A *  -  c o n c e n t r a t i o n  o f  F s c h e r  I c h i a  c o l  i ,
I .  c o n c e n t r a i  i o n  o f  e n t e r o c o c c i  .
E -  p e i ' i o d  d u r i n g  w h i c h  excrnmcu; !  w a s  a p p l i e d
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E x p o r  i m en t  I I
R a c i o r i a l  p o l l u t i o n  o f  d r a i n  d i p o i i a r p e  a f t e r  a p p l i c a t i o n  o f  
pi^f e x c r e m e n t  to t h e  p a s t u r e .
C o n t i n u o u s  l i n n  -  f l o v  r a t e  o f  t h e  d r a i n  d i s c h a r g e .
"■A"** “• A " -  -  c o n c e n t r â t  i f)u o f  Esc h e r  i c h in c o l i  .
.  . y » , . . .  _ c o n c e n t r a t i o n  o f  e n t e r o c o c c i .
E.J E,j -  p e r i o d s  dn r i np .  w h i c h  e x c r e m e n t  was a p p l i e d
( t o t a l  o f  55 m ' ^ / h a ) .
CD,
FIGURE 19

























( E x p e r i m e n t  I I )  and w a t e r  s a m p l e s  w e r e  c o l l e c t e d  a t  i n t e r v a l s  o f  
0 . 5  t o  4 h f o r  a b o u t  36 h f o l l o w i n g  t h e  e x c r e m e n t  a p p l i c a t i o n .
E x p e r i m e n t  I . The f l ow  r a t e  o f  t h e  d r a i n  d i s c h a r g e  and th e  
c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  t h e  d r a i n a g e  w a t e r  f o l l o w i n g  
t h e  a p p l i c a t i o n  o f  e x c r e m e n t  t o  t h e  p a s t u r e  a r e  shown i n  F i g .  18 .
The floiv r a t e  o f  t h e  d r a i n  d i s c h a r g e  was  s t e a d y  f o r  t h e  f i r s t  11 h 
f o l l o w i n g  t h e  s t a r t  o f  e x c r e m e n t  a p p l i c a t i o n  and t h e n  i n c r e a s e d  
s l i g h t l y  d u r i n g  t h e  r e s t  o f  t h e  e x p e r i m e n t a l  p e r i o d ,  p o s s i b l y  a s  a  
r e s u l t  o f  r a i n  w h i c h  f e l l  d u r i n g  t h e  e x p e r i m e n t .
W i t h i n  00 min o f  s t a r t i n g  t o  a p p l y  e x c r e m e n t  t h e  c o n c e n t r a t i o n
à
o f  E.  c o l i  i n  t h e  w a t e r  h a d  i n c r e a s e d  000 f o l d ,  from 1 x 10" / l  t o  
9 X l O ^ / l ,  and t h a t  o f  e n t e r o c o c c i  150 f o l d ,  f r om  2 x l O ^ / l  t o  
3 X l o ' ^ / l . C o n c e n t r a t i o n s  o f  b o t h  t y p e s  o f  b a c t e r i a  t h e n  s t e a d i l y  
d e c l i n e d ,  u n t i l  t h e  e x p e r i m e n t  was s t o p p e d  b e c a u s e  t h e  f low i-nto o f  
t h e  d i s c h a r g e  i n c r e a s e d  m a r k e d l y  f o l l o w i n g  h ea v y  r a i n .  By t h i s  tiiiie 
t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  t h e  d i s c h a r g e  w e re  o n l y  
a b o u t  5 t o  10 t i m e s  t h e  c o n c e n t r a t i o n s  t h a t  would  he  e x p e c t e d  i n  t h e  
a b s e n c e  o f  e x c r e m e n t  a p p l i c a t i o n ,  a f t e r  a l l o w a n c e  f o r  t h e  i n c r e a s e  
i n  f l ow  r a t e .
E x p e r i m e n t  I I . The r e s u l t s  o b t a i n e d  i n  t h e  s eco n d  e x p e r i m e n t  
a r e  shown i n  F i g .  19 .  On t h i s  o c c a s i o n  t h e  e x c r e m e n t  was a p p l i e d  t o  
t h e  loTtd in  !wo p e r i o d s  s e p a r a t e d  by a  1 h i n t e r v a l ,  I n s t e a d  o f  in a 
s i n g l e  p e r i o d  a s  i n  E x p e r i m e n t  I ,  and t h e  f low ï ' a t e  o f  t h e  d i s c h a r g e  
was h i g h e r .  S i n c e  t h e  f low r a t e  o f  t h e  d i sc b a r g e  d e c l i n e d  dviririg th e  
p e r i o d  o f  t h e  e x p e r i m e n t  and was a p p a r e n t l y  u n a f f e c t e d  by t h e  
a p p l i c a t i o n  o f e x c i ’em en t ,  i t  i s  c l e a r  t h a t  the  volume o f  e x c r e m e n t  
a p p l i e d  m us t  have  b e e n  smal l  r e l a t i v e  t o  t l ie  volume o f  w a t e r  h e l d  in  
t h e  s o i l .
W i t h i n  2 h o f  t h e  s t a r t  o f  e x c r e m e n t  a p p l i c a t i o n , t h e  c o n c e n t r a t i o n  
o f  E,  c o l i  i n  t h e  d i s c h a r g e  had i n c r e a s e d  60 f o l d ,  f r o m  8 x 10~ '/ l  t o  
5 X l O ^ / l ,  and t h a t  o f  e n t e r o c o c c i  20 f o l d ,  f r on i  1 . 5  x l O ^ / l  t o  
3 X l O ^ / l .  The c o n c e n t r a t i o n s  o f  b a c t e r i a  i n  t h e  d r a i n  d i s c h a r g e  
t h e n  d e c l i n e d  b e f o r e  i n c r e a s i n g  a g a i n  a p p r o x i m a t e l y  3 h a f t e r  t h e  
s t a r t  of  t h e  s e c o n d  p e r i o d  o f  e x c r e m e n t  a p p l i c a t i o n .  Tlie c o n c e n t r a t i o n s  
t h e n  d e c l i n e d  u n t i l  a t  t h e  end o f  t h e  e x p e r i m e n t  t h e y  w e re  p r a c t i c a l l y  
a t  t h e  l e v e l s  e x i s t i n g  b e f o r e  e x c r e m e n t  was a p p l i e d .
Chem ica l  p o l l u t a n t s  i n  t h e  d r a i n  d i s c h a r g e
T h r o u g h o u t  t h e  w i n t e r  o f  1 9 6 8 / 9  t h e  s a m p l e s  o f  d r a i n  d i s ch a r s ?e  
w a t e r  w e r e  g e n e r a l l y  c l e a r  and c o l o u r l e s s .  The pll was n e a r  n e u t r a l  i t y , 
t h e  b i o c h e m i c a l  o xy^gen demand was g e n e r a l l y  l e s s  i.han 3 m g / l ,  t h e  
s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  l e s s  t h a n  5 mg / l  , and t ! ) e r o l o r e  n o t  
u s u a l l y  d e t e c t a b l e  by s t a n d a r d  m e t h o d s .  The n i t r a t e  c n n c e n t r a t i n n  was 
g e n e r a l l y  l e s s  t h a n  1 m g / l  t h r o u g h o u t  S ep i t em b er , O c t o b e r  anti Nnvembor 1968.  
D ur i ng  December  1968,  J a n u a r y  and T’eb i ’u a r y  196 9,  i t  r o s f '  « l i g h t l y  to  
b e t w e e n  1 and 2 m g / l ,
D u r in g  t h e  w i n t e r  of  1969/70,  t h e  w a t e r  s a m p l e s  w e re  a g a i n  c l e a r  
and c o l o u r l e s s .  However,  t h e  b iochemi  c a l  ox y g en  demand was sligh<ttly\’ 
h i g h e r  t h a n  d u r i n g  th e  p r e v i o u s  w i n t e r ,  v a r y i  b e t w e e n  0 . 4  a nd 10 m g / l ,  
b u t  t h e  s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  was ago i n gene  rod 1 v J e s s  th an  
5 m g / l .  Tlie n i t r a t e  c o n c e n t r a t i o n  was al se s l i g h t  iy  h i g h e r  14 an 
d u r i n g  t h e  p r e v i  on s w i n t e r .  Tlie a v e r a g e  ni I r a l e  cone en t r a i  i 'Ui in 
November 1969 was 2 , 8  mg/ l  an d  be tw een  December  1969 u n t i  1 'b a rch  1970 
was 1 . 6  m g / l „
No s i g n i f i c a n t  c h a n g e s  i n  t h e  b i o c h e m i c a l  o x y g e n  demand,  s u s p e n d e d  
s o l i d s  c o n c e n t r a t i o n ,  o r  n i t r a t e  c o n c e n t r a t i o n  w e re  d e t e c t e d  i n  s a m p l e s  
o f  l a n d  d r a i n a g e  w a t e r  c o l l e c t e d  a f t e r  t h e  a p p l i c a t i o n  o f  p i g  e x c r e m e n t  
to t h e  p a s t u r e .  I n  E x p e r i m e n t  I  ( O c t o b e r  1 9 7 0 ) ,  a f t e r  t h e  a p p l i c a t i o n  
o f  e x c r e m e n t  t o  t h e  p a s t u r e ,  t h e  f i r s t  w a t e r  s a m p l e s  w e r e  s l i g h t l y  
t u r b i d  and p a l e  brown i n  c o l o u r  b u t  l a t e r  s a m p l e s  w e r e  c l e a r  and 
c o l o u r l e s s .  The b i o c h e m i c a l  o xygen  demand o f  t h e  d i s c h a r g e  i n c r e a s e d  
s l i g h t l y ,  r e a c h i n g  a  maximum o f  14 m g / l ,  1 h a f t e r  t h e  s t a r t  o f  
e x c r e m e n t  a p p l i c a t i o n ,  w h i l e  t h e  s u s p e n d e d  s o l i d s  cone ('u i r a i  i on and 
n i t r a t e  c o n c e n t r a t i o n  w e re  u n a f f e c t e d .  The pH v a l u e  i n c r e a s e d  by 
up to  h a l f  0  u n i t  f o r  a b o u t  24 h f o l l o w i n g  t h e  e x c r e m e n t  a p p l i c a l i o n .  
D u r i n g  E x p e r i m e n t  IT (November  1970)  t h e  h t n e h e m i c a l  o x y g en  
demand,  s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n  an d  ni I r a t e  c o n c e n t r a t i o n  
r e m a i n e d  a t  t h e i r  ' n o r m a l '  lov/ l e v e l s .  Tn t h i s  e x p e r i m e n t  a l l  t h e  
w a t e r  s a m p l e s  w e r e  c l e a r  and c o l o u r ' ! e s s  and t h e  pi '  v a l u e  of  t h e  
d i s c h a r g e  i n c r e a s e d  by o n l y  0 . 1  u n i t  f o r  a b o u t  8  !i f o l l o w i n g  t h e  
s t a r t  o f  e x c r e m e n t  a p p l i c a t i o n .
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PART B . SOIL BACTERIA IN LAND DRAINAGE WATER 
INTRODUCTION
I n  t h e  p r e l i m i n a r y  e x a m i n a t i o n  o f  l a n d  d r a i n a g e  w a t e r  f o r  b a c t e r i a l  
p o l l u t i o n  i t  w as  n o t e d  t h a t  a p a r t  f rom f a e c a l  b a c t e r i a  t h e  w a t e r  a l s o  
c o n t a i n e d  r e l a t i v e l y  h i g h  nu m b ers  o f  b a c t e r i a ,  p re s u m e d  to be normal  
s o i l  i n h a b i t a n t s  ( F i g ,  1 4 ) .  The p r e s e n c e  o f  t h e s e  b a c t e r i a  i n  t h e  
d r a i n a g e  w a t e r  r a i s e d  t h e  p o s s i b i l i t y  t h a t  w a s h - o u t  o f  n a t u r a l  s o i l  
b a c t e r i a  i n  d r a i n a g e  w a t e r  c o u l d  r e p r e s e n t  a s i g n i f i c a n t  l o s s  from 
t h e  s o i l  b a c t e r i a l  f l o r a .  In  a d d i t i o n ,  i t  was o f  i n t e r e s t  t o  c o n f i r m  
t h a t  t i l e  c o n c e n t r a t i o n s  o f  n o r m a l  s o i l  b a c t e r i a  i n  t h e  d r a i n a g e  w a t e r  
v a r i e d  w i t h  t h e  f l o w  r a t e  of t h e  d r a i n  d is c l ia . rgo i n  a  s i m i l a r  manner  
t o  t h a t  o b s e r v e d  f o r  f a e c a l  b a c t e r i a  d e p o s i t e d  o n t o  t h e  s u r f a c e  o f  
t h e  l a n d .
To i n v e s t i g a t e  t h e s e  q u e s t i o n s  a v i a b l e  c o u n t  o f  b a c t e r i a  i n  
t h e  d i s c h a r g e  f ro m  t h e  d r a i n  was  m o n i t o r e d  d u r i n g  t lio w i n t e r  1 9 7 1 / 2  
and t h e  t o t a l  number  o f  b a c t e r i a  d i s c h a r g e d  was  com par ed  wi tli an 
e s t i m a t e  o f  i l ie  number  o f  b a c t e r i a  i n  t h e  s o i l  o f  t h e  d r a i n e d  a r e a .
No atterri])!, was  made t o  o b t a i n  maximum c o u n t s  o f  b a c t e r  i a .  O n ly  tho se  
b a c t e r i a  a b l e  t o  p r o d u c e  c o l o n i e s  on m - p l a t o  c o u n t  l ) r o t h  i n c u b a ti*d 
a t  20^0 f o r  48 h w e r e  c o u n t e d  and i t  was assumed tb a !  Iln> rr  su l  t s 
f o r  t i l l s  g r o u p  o f  b a c t e r i a  a r e  r e p r e s e n  i a t i  ve o I' t h o s e  l ira!  woulrl bo 
o b t . a in o d  f o r  o t h e r  g r o u p s  o f  s o i l  b a c t e r i a .
The e x p e r i m e n t a l  p a s t u r e  was p loug l ie d  and roseor ler l  wi!! ,  c i u \ ' o r  
In March 1971,  No a n im a l  e x c re m e n t  was a p ] ) l i e d  lo Ih e  ] )a .s iuro  b e tw e en  
t h e  t im e  o f  r e s e e d i n g  and t l i e  c omp l o t i o n  o f  t h i s  evjre r  i moni al  ])(U‘i n d ,
FIGTJRH 20
l i d  n t i . o n s l n p  b e tw e en  t l ie  c o n c e n t r a t i o n  o f  v i a b l e  s o i l  b a d  o r  i a 














No v i a b l e  E . c o l i  o r  e n t e r o c o c c i  w e r e  d e t e c t e d  i n  1 1 s a m p l e s  of  
d r a  i n a ^ e  w a t e r  c o l l e c t e d  i n  November 197 1,  R e c o r d s  of’ d a i l y  s o i l  
t e m p e r a t u r e s ,  a t  10 and 100 cm d e p t h ,  w e re  o b t a i n e d  f r o m  t h e  
A u c h i n c r u i v e  M e t e o r o l o g i c a l  S t a t i o n .
b e c a u s e  t h e  e a r l i e r  r e s u l t s  showed t h a t  t h e  b a c t e r i a l  c o n c e n t r a t i o n  
i n  d r a i n a g e  w a t e r  was  g r e a t l y  a f f e c t e d  by t h e  f l ow  r a t e ,  s p o t  s a m p l e s  
o f  w a t e r  w e r e  c o l l e c t e d  r a t h e r  t h a n  c o m p o s i t e  24 h samp I e s . t s u a l 1 y 
two s a m p l e s  w e r e  c o l l e c t e d  5 d a y s  e a c h  week and a t o t a l  o f  134 sanrples  
w e r e  o b t a i n e d  b e t w e e n  17 NoveJtiber 1071 and 24 March 197 2 .  The Clow
I ' a t e  o f  t h e  d i s c h a r g e  was c o n t i n u o u s l y  m o n i t o r e d  and a l s o  r ^ ' c o r d e d
a t  t h e  t i m e  o f  o b t a i n i n g  e a ch  s a m p l e .
To o b t a i n  an e s t i m a t e  o f  t h e  number o f  b a c t e r i a  o c c iu ’v i n g  i n  
t h e  s o i l  and a b l e  to  grow on r a ~ p l a t e  c o u n t  b r o t h ,  s o i l  s a m p l e s  w e re  
c o l l e c t e d  a t  t h r e e  d i f f e r e n t  d e p t h s  f rom e a c h  o f  f i v e  a r e a s  o f  f.he
e x p e r i m e n t a l  p a s t u r e .  The d ep th s  s am p led  were  0 - 1 0 ,  1 0 - 2 0 ,  and 2 0 - 3 0  cm
and e a c h  a r e a  s am p led  was a c o m p o s i t e  s am ple  from f i v e  s i t e s  w i t h i n  
th e  a r e a .  The number  o f  v i a b l e  b a c t e r i a  c a p a b l e  o f  g r o w ln g  on m - p l a t e
c o u n t  f)r0 th a t  20^0 i n  48 h i n  e a ch  s o i l  sam nle  was i.lien e s t i m a t e d .
Ub’ST 4,T S
h‘e l  a t i n n.-dii p o f  c o n c e n t r a t i o n  o f  b a c t e r i a  i n  (.he (fra.in d i,  ^charge' '  to 
f l ow r a t e  o f  t h e  d i s c h a r g e
The r e s u l t s  a r e  sum m ari sed  i n  hi g.  20 ,  f rom wh i cli i ( i - e\'-irlen( 
t h a t  t h e  corxM'ii tr  a i-i on o f  b a c t e r i a  in  t ! i e  d r a i n a g e  w a t e r  i nc r e u s e d  
a s  t h e  f lo w r  a t c of tlu^ d i s c h a r . e e  inc  r e u s e d . R e g r e s s i o n  a n a l y s i s  shoAved 
( h a t  t h e  l o g  cone e n t r a  t i  on o f  b a c t e r i a  co u ld  bo r e i . ' i e d  t o  (tie 1 og
floAv r a t e  by an e q u a t i o n  of  t h e  form
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Y = a  + bX + dX^,
w h e r e  Y = c o n c e n t r a t i o n  o f  b a c t e r i a  i n  t h e  d i s c h a r g e ,
v i a b l e  u n i t s / l  
X = log^Q f l ow  r a t e  o f  t h e  d i s c h a r g e ,  l / a
and a ,  b ,  and d a r e  c o n s t a n t s .  The e q u a t i o n  g i v i n g  t h e  b e s t  f i t  was
Y = 9 , 7 0  + 2 . 3 5 6  (+ 0 . ] 8 7 ) X  + 0 . 3 6 5  (±  0 . 0 4 0 ) X ^  . . . . .  4
t h e  f i g u r e s  i n  p a r e n t h e s e s  b e i n g  t h e  s t a n d a r d  e r r o r s  o f  t h e  r e g r e s s i o n  
COef f i  d e n t s .
T h i s  e q u a t i o n  e x p l a i n s  79 p e r  c e n t  o f  t h e  v a r i a t i o n  o b s e r v e d  i n  
t h e  c o n c e n t r a t i o n  o f  v i a b l e  b a c t e r i a  i n  t h e  d i s c h a r g e .  No improvem('n t  
was  o b t a i n e d  l)y i n c l u d i n g  in  t h e  e q u a t i o n  a  t i m e  f a c t o r  o r  a t h i r d  
d e g r e e  t e r m .  The s o i l  t e m p e r a t u r e s  shoAved some p o s i t i v e  a s s o c i a t i o n  
Avi th  f l o w ,  w i t h  a s l i g h t  a d v a n t a g e  f o r  t h e  s o i l  t e m p e r a t u r e  a t  100 cm 
d e p t h ,  b u t  a f t e r  a l l o w i n g  f o r  t h i s  a s s o c i a t i o n ,  s o i l  t e m p e r a  t u r e  shoAved 
no s i g n i f i c a n t  a s s o c i a t i o n  Avitli t h e  c o n c e n t r a t i o n  o f  v i a b l e  h a c t e  r i  a 
i n  t l ic d r a i n  d i s c h a r g e .
C om par i son  o f  to I al number  o f  b a c t e r i a  d i s c h a r g e d  in  di 'a i n a g e  wa 1er
w i t h  t u i a l  number  in  t h e  s o i l  o f  t h e  ex pe r i m en t ,  a I p a s t u r e
f h e  t o l d  nnm!>er  o f  b a c t e r i a  d i s c h a r g e d  i n  t l i o  ( i r a i n a g e  Avat e r  
d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  Avas c a l c u l a t e d  fg’om t l i e  c , o n t i  n i i o n s  
r e c o r d s  o f  t h e  flosv r a t e  o f  d r a i n a g e  Ava t e r  u s i n g  t i i e  r e g r e s s i o n  e q u a  t i o  n 
g i v e n  a b o v e .  D u r i n g  t l i e  p e r i o d  o f  t l i e  e x p ( ' r  i me n I 3 . 0  x ID' 1 o f  w a t e r  
c o n t a i n i n g  1 . 2  x 10^  ^ v i a b l e  b a c t e r i a  Ayere d i s c h a r g e d  f r o m  t l i e  d r a i n .
TABLE 20
Numbers o f  v i a b l e  b a c t e r i a  i n  t h e  s o i l  o f  d i f f e r e n t  a r e a s  o f  
t h e  e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w .
C o n c e n t r a t i o n s  o f  b a c t e r i a  growlryr o n  r a - p l a t e  c o u n t  a g a r  a t  
20” C i n  48 h .
TABLE 20
Number o f  b a c t e r i a * ,  v i a b l e  u n i t s  X lO ^ /g
S a m p l in g  a r e a Dry w e i g h t  i n  s o i l  h o r i z o n
0 - 1 0  cm 1 0 - 2 0  cm 2 0 - 3 0  cm
A 23 23 7 . 2
B 22 18 5 . 3
C 23 14 3 . 8
D 22 12 4 . 0
E 33 10 5 . 3
Me au 2 4 , 0 1 6 . 0 D. j.
so
The numbers  o f  b a c t e r i a  i n  t h e  s o i l  a r e  shown i n  T a b l e  20.  Tt -  
c a n  b e  s e e n  t h a t  t h e  n u m b ers  a r e  s i m i l a r  i n  e a c h  o f  i h o  d i f f o r o n t  
a r e a s  s a m p led  and t h a t  t h e  n u m b e r s  a t  a d e p t h  o f  2 0 - 3 0  cm w e re  
c o n s i d e r a b l y  l o w e r  t l ian  t h o s e  a t  0 - 1 0  cm. I f  i t  i s  assumed t i n t  t h e  
nu m b e rs  o f  b a c t e r i a  i n  t h e  s o i l  a r e ,  i n  f a c t ,  u n i f o r m  o v e r  t h e  a r e a  
o f  t h e  e x p e r i m e n t a l  p a s t u r e  ( 0 , 7  h a )  and t h a t  t h e  n um bers  o f  b a c t e r i a  
a t  d e p t h s  g r e a t e r  t h a n  30 cm c a n  b e  n e g l e c t e d ,  t h e n  t h e  t o t a l  number 
o f  v i a b l e  b a c t e r i a  i n  t h e  e x p e r i m e n t a l  p a s t u r e  i s  e s t i m a t e d  to  be o f  
t h e  o r d e r  o f  1 0 ^ ^ ,
Thus t h e  t o t a l  nu mber  o f  v i a b l e  b a c t e r i a  i n  t h e  s ( ' i  1 a b l e  to 
grow on t h e  medium u s e d  Avas a b o u t  1 ,0 0 0  t i m e s  t h e  number  d i s c h a r g e d  
i n  t h e  d r a i n a g e  w a t e r  o v e r  a p e r i o d  o f  f o u r  m o n t h s .
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PART C. THE CULBAE EXPERIMENT
INTRODUCTION
C n l b a e  f a r m  w as  s i t u a t e d  a t  t h e  t o p  o f  t h e  i v a t o r  c a t c h m e n t  a r e a ,
and t h e  s o i l  was v e r y  f r e e  d r a i n i n g .  The d i s p o s a l  o f  81 m' o f  p i g
e x c r e m e n t  e a c h  d a y  t h r o u g h  r a i n - g u n s  o n t o  t h e  f i e l d s  s u r r o u n d i n g  t h e  
f a rm y a rd  c a u s e d  a  c o n s i d e r a b l e  s m e l l  p r o b l e m  and a l s o  p o l l u t e d  t h e  
open  d i t c h e s  d r a i n i n g  t h e  f a r m .
An i n v e s t i g a t i o n  was  c a r r i e d  o u t  t o  d e t e r m i n e  i f  t l i e  f a c t o r s
a f f e c t i n g  t h e  c o n c e n t r a t i o n s  o f  b a c t e r i a  and o f  c l i e m ie a l  p o l l u t a n t s  
i n  t h e  d r a i n a g e  w a t e r  w e r e  s i m i l a r  t o  t h o s e  obseinî-ed fo i '  t h e  
e x p e r i m e n t a l  p a s t u r e  a t  B r i c k r o w .  B a c t e r i a l  and c h e m i c a l  p o l l u t i o n  
of  t h e  d r a i n a g e  i v n t e r  i n  o p e n  d i t c h e s  d r a i n i n g  two 20 ha a r e a s  of 
C u l b a e ,  a r e a s  A and B shown i n  E i g .  1 0 ,  w e r e  m e a s u r e d .  D u r i n g  t h i s  
p e r i o d ,  s p r a y i n g  o f  p i g  e x c r e m e n t  was  c o n f i n e d  to  l ,hose f i e l d s  w h ic h  
d i d  n o t  d r a i n  i n t o  t h e  tivo s i t e s .
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I n  d a n u a r y  10 73 ,  160 m p i g  e x c r e m e n t  Avas s p r a y e d  onln  t h e  
L o n g c a s t l o  f  i e l d  i n  a r e a  A, o v e r  a  p e r i o d  o f  eigdvi, h o u r s .  The p o s i t i o n  
o f  t h e  r a i n - g u n s  on t h e  f i e l d  was a l t e r e d  e v e r y  15 min th ro  uglio u t  I.he 
d a y .  The f o l l o w i n g  d ay  t h e  r a i n - g u n s  w e re  moved away f rom a r e a  A„
Saiiq^l e s  o f  d r a i n a g e  w a t e r  w e re  c o l l e c t e d  from t h e  o p en  d i t c h  aboui ,
300 m ( a ^ ,  F i g ,  10) downstream from the Longea s  t i e  f i e l d ,  a t  v a r i o u s  
i n t e r v a l s  d u r in g  t h e  d a y ,  an d  t h e  fol loAving 40 h.
The dissolA^ed o x ygen  t e n s i o n  and t em p er a  t u r e  o f  t h e  w a t e r  i n  
t h e  d i t c h  ai. t h e  samjil i n g  p o i n t  w e r e  m o n i t o r e d  t l i rongl ion i t h e  
e x p e r i m e n t .  A l t h o u g h  a  c o n t i n u o u s  floAv r e c o r d e r  was i n s t a l l e d  a t  t h e  
V - n o t c h  d u r i n g  t h e  e x p e r i m e n t ,  f l o o d i n g  a t  t h e  e a s t e r n  end o f  t h e  
S t a n d i n g  S t o n e  f i e l d  p r e v e n t e d  a c c u r a t e  m e a s u r e m e n t s  b e i n g  o b t a i n e d
FIGUTIE 21
Re I n t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n  o f  v i a b l e  b a c t e r i a  in  
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D RAINAGE RATE, l / s .h a
FIGURE 22
R e l a t i o n s h i p  b e t we e n  t h e  c o n c e n t r a t i o n  o f  f a e c a l  hoc t o r i  a 
i n  d r a i r a g c '  w a t e r  and d r a i n a g e  r a t ^  o f  a r e a  A.
Jk “  c o n c e n t r a t i o n  o f  E s c h e r  i c h i  a  co l  i .











D R A IN A G E  R A T E ,  ! /s. h a
liff: ï
FIGURE 23
J i o l a t i  o i t sl sip  b n t w e e n  t l ie conr o ï i t r n  t i  on  oP v i a b l e  b a c t e r i a  
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DRAINAGE R A T E , ! / s .h a












R e l a t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n  o f  f n e c a l  b o c f e r i n  
i n  d r f i i n a g e  w a t e r  and d r a i n a  pro r a t e  o f  a r e a
Ék *~ o o n c e u i . r a t i o n  o f  P s c i i e r  i c h i  a c o l i .
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DRAINAGE R A T E , i / s .  ha
'^.1
o f  t h e  d r a i n a g e  r a t e  f o r  t h e  a r e a .  The w a t e r  s a m p l e s  w e r e  a n a l y s e d  
b a o t e r i o l o g i c a l l y  w i t h i n  s i x  h o u r s  o f  c o l l e c t i o n  an d  c h e m i c a l l y  
w i t h i n  t w e n t y - f o u r  h o u r s ,
RESULTS
P i g  e x c r e m e n t  i n  t h e  s t o r a g e  r e s e r v o i r  a t  C u l b a e  c o n t a i n e d
T 0a p p r o x i m a t e l y  6 . 1  x  10 v i a b l e  E s c h e r i c h i a  c o l i  p e r  1,  4 . 8  x 10
8v i a b l e  e n t e r o c o c c i  p e r  1 an d  9 . 5  x  10 v i a b l e  b a c t e r i a  p e r  1 g ro w in g  
on m - p l a t e  c o u n t  b r o t h  a t  20^C i n  48 h .
E,  c o l i  an d  e n t e r o c o c c i  i n  s a m p l e s  o f  d r a i  r a g e  w a t e r  w e re  
p r e s u m e d  to o r i g i n a t e  m a i n l y  f rom t h e  p i g  e x c r e m e n t  s p r a y e d  o n t o  t h e  
f i e l d s .  H a c t e l i a  i s o l a t e d  on m - p l a t e  c o u n t  b r o t h  f rom  d r a i n a g e  w a t e r  
w e r e  p r e s u m e d  t o  o r i g i n a t e  f r o m  b o t h  th e  e x c r e m e n t  s p r a y e d  onto  the  
f i e l d s  and f rom t h e  n a t u r a l  b a c t e r i a l  p o p u l a t i o n  i n  t h e  s o i l  ( c P ,  
s o i l  b a c t e r i a  c o u n t s  on m - p l a t e  c o u n t  b r o t h  from t h e  d r a i n a g e  w a t e r  
a t  B r i c k r o w  d u r i n g  w i n t e r  1 9 7 l / 2 ) ,
R e l a t i o n s h i p  o f  c o n c e n t r a t i o n  of  b a c t e r i a  i n  d r a i n a g e  w a t e i ’ to 
d r a i n a g e  r a t e
A p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n s  o f  l i a c t o i - i a  
i n  t h e  d r a i n a g e  w a t e r  and t h e  d r a i n f i g e  r a t e  o f  a r e a  A i s  sliown in 
F i g u r e s  21 and 22 ,  A s i m i l a r  r e l a t i o n s h i p  b e tw e en  i.he c o n c e n t r a t i o n s  
o f  b a c t e r i a  and d r a i n a g e  r a t e  i n  a r e a  B i s  showai i n  F i g u r e s  23 and 24 
( a c t u a l  c o r u M 'n t r a t  i o n s  oP b a c t e r i a ,  c h e m i c a l  p o l l u t a n i . s ,  d r a i n a g e  r a t e s ,  
r a i n f a J J  and a i>mospher ic  t.emper a t u r e s  a r e  g i v e n  i n  t h e  A p p e n d ix  T a l l i e s ) ,










B acfco r ia l  p o l l n t i . o n  o f  d r a i n a g e  v / a t c r  o f  e r o n  A n f i o r
F:
apTîll  c a t i o n  o f  p i g  e x o r o m o n t  t o  L o n g c a s i i e  f i e l d  ( î 6 0  n i / h a ) .
C o n t i n u o u s  l i n o  -  d r a i n a g e  r a t e
^  . — « —. 0 #  -  v i a b l e  c o u n t  on m—p l a t e  co u n t  b r o  t h  a t  2C)^C
- ,  « jk ,  — —' " 4 L — -  c o n c e n t r a t i o n  o f  r . s o h e r i  c h i a  co 1 i  .
. . . «|p, . , , 4" • — cone e n t r a  t  i n n o f  e n t e r o c o c c i  ,
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FIGURE 25
VIABLE U N IT S /l
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A l t h o u g h  t h e r e  i s  i n s u f f i c i e n t  d a t a  f o r  s t a t i s t i c a l  a n a l y s i s ,  
and o n l y  a few s a m p l e s  a t  low f l ow  r a t e s  have  b e e n  e x a m i n e d ,  i t  a p p e a r s  
p o s s i b l e  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n s  o f  t h e  t h r e e  
g r o u p s  o f  b a c t e r i a ,  E s c h e r i c h i a  c o l i , e n t e r o c o c c i  and b a c t e r i a  c a p a b l e  
o f  g ro w in g  o n  m - p l a t e  c o u n t  b r o t h  a t  20^C i n  48 h ,  and t h e  d r a i n a g e  
r a t e  i s  n o n - l i n e a r .  I f  t h i s  i s  s o ,  t h e n  t h e  r e l a t i o n s h i p  i s  s i m i l a r  
t o  t h a t  o b s e r v e d  b e t w e e n  t h e  c o n c e n t r a t i o n s  of s o i l  b a c t e r i a  and 
d r a i n a g e  r a t e  a t  t h e  e x p e r i m e n t a l  p a s t u r e ,  l i r i c k r o w .
E f f e c t  o f  s l u r r y  a p p l i c a t i o n  on t h e  b a c t e r i a l  p o l l u t i o n  o f  d r a i n a g e  
w a t e r
The e f f e c t s  o f  s p r a y i n g  160 o f  s l u r r y  f rom t h e  p i g g e r y  a t
C u lb a e  ( a p p r o x i m a t e  c o m p o s i t i o n ;  9 g b i o c h e m i c a l  o x y g en  demand p e r
l i t r e ;  9 g s u s p e n d e d  s o l i d s  p e r  l i t r e ;  ph v a l u e  7 . ? )  o n t o  t h e
s u r f a c e  o f  t h e  L o n g c a s t l e  f i e l d ,  o v e r  a  p e r i o d  o f  s e v e n  h o u r s ,  on t h e
/
numbers  o f  b a c t e r i a  i n  t h e  d r a i n a g e  w a t e r  a r e  sho^vn i n  F i g ,  25.
W i t h i n  45 min o f  s t a r t i n g  s p r a y i n g ,  t h e  c o n c e n t r a t i o n s  o f  E s c h e r i c h i a  c o l i
3 0i n  t h e  w a t e r  i n c r e a s e d  more t h a n  3 0 0 - f o l d ,  f r o m  1 . 7  x 10' to  5 . 4  x 10
2
p e r  l i t r e ,  t h a t  o f  e n t e r o c o c c i  a b o u t  3 , 0 0 0 - f o l d ,  f r om  5 . 2  x 10 t o  
1 , 5  X 10^ p e r  l i t r e  and t h a t  o f  b a c t e r i a  g r o w i n g  on m - p l a t e  c o u n t  
b r o t h  a t  20^C 3 0 0 - f o l d  f r o m  6 , 8  x 10^ to  2 . 3  x 1 0 ’^  p e r  l i t r e .  The 
c o n c e n t r a t i o n s  o f  a l l  t h r e e  g r o u p s  o f  b a c t e r i a  d e c l i n e d  s l i g h t l y  d u r i n g  
the  n e x t  h o u r ,  b u t  i n c r e a s e d  a g a i n  to  a sec o n d  p ea k  durin,»: t l ie f o l l o w i n g  
twm h o u r s .  A f t e r  s p r a y i n g  was  s t o p p e d ,  t h e  c o n c e n t r a t i o n s  o f  a l l  
t h r e e  g r o u p s  o f  b a c t e r i a  s t e a d i l y  d e c l i n e d ,  Vi 'i thin 37 h o f  s to)>i)ing 
s p r a y i n g  th e  c o n c e n t r a t i o n s  o f  b a c t e r i a  had r e t u r n e d  I o l e v e l s  
s i m i l a r  to (diose e x i s t i n g  b e f o r e  t h e  e x p e r i m e n t  s t a r  t e d .
M R : * ? '















F TOU RE 26
C h e m i c a l  p o l . l u i i n n  o f  d r a i n a g e  w a t e r  o f  a r e a  A a f t e r  
a p p l i c a t i o n  o f  p i g  e x c r e m e n t  t o  L o n g c a s t l e  f i e l d  ( 160 m'^/ha)
O  — h io o h em ic  al oxygen demand,
I***! -  s u s p e n d e d  s o l i d s  coir: e n i r a t i . o r i .
FIGURE 26
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The p o s i t i o n  o f  t h e  r a i n - g u n s  on t h e  f i e l d  was  a l t e r e d  e v e r y  
15 m in .  D r a i n a g e  t o w a r d s  t h e  w e s t e r n  b o u n d a r y  o f  t h e  f i e l d  f o r  
p a r t  o f  t h e  t i m e  c o u l d  a c c o u n t  f o r  t h e  d e c r e a s e  i n  t h e  b a c t e r i a l  
p o l l u t i o n  o f  t h e  d r a i n a g e  w a t e r  i n  t h e  m i d d l e  o f  t h e  s p r a y i n g  p e r i o d .
The f l o w  r a t e  o f  t h e  d r a i n a g e  w a t e r  o v e r  t h e  V - n o t c h  o f  a r e a  A 
( F i g .  25) d u r i n g  t h e  e x p e r i m e n t  was  n o t  a n  a c c u r a t e  m e a s u r e m e n t  of  
t h e  d r a i n a g e  r a t e  o f  t h e  w h o l e  c a t c h m e n t  a r e a .  M e l t i n g  snow wliich 
had f a l l e n  two d a y s  e a r l i e r  c a u s e d  f l o o d i n g  a t  t h e  n o r t h - e a s t  end 
o f  t h e  S t a n d i n g  S t o n e  f i e l d .  N e v e r t h e l e s s  t h e  f l o w  r a t e  d e c l i n e d  
d u r i n g  t lie w h o l e  o f  t h e  e x p e r i m e n t a l  p e r i o d  and t h i s ,  t o g e t h e r  w i t h  
f i g u r e s  f o r  p r e c i p i t a t i o n  t h e  d a y  b e f o r e ,  and d u r i n g  t h e  e x p e r i m e n t ,  
s u g g e s t s  t h a t  t h e  vo lum e  o f  s l u r r y  s p r a y e d  ( l 6 0  ni^) o n t o  t h e  L o n g c a s t l e  
f i e l d  ( 2 . 3  h a )  was  n o t  s u f f i c i e n t  t o  s i g n i f i c a n t l y  a f f e c t  t h e  d r a i n a g e  
r a t e .  The v o lu m e  of  s l u r r y  s p r a y e d  was  o n l y  e q u i v a l e n t  t o  1 . 3  rum 
o f  p r e c i p i t a t i o n  o v e r  t h e  12 h a  o f  c a t c l m i e n t  a r e a  ab o v e  s a m p l i n g  p o i n t  .
Chem ical  p o l l u t a n t s  i n  t h e  d r a i n a g e  w a t e r
The c o n c e n t r a t i o n s  o f  5 d ay  b i o c h e m i c a l  ox y g en  demand and 
s u s p e n d e d  s o l i d s  i n  t h e  d r a i n a g e  w a t e r  i n  t h e  a b s e n c e  o f  r e c e n t  s l u r r y  
s p r a y i n g  o n to  e i t h e r  s i t e ,  w e re  g e n e r a l l y  l e s s  t h a n  8 mg p e r  l i t r e  
and 23 mg p e r  l i t r e  r e s p e c t i v e l y .
W i t h i n  45 min o f  t h e  s t a r t , o f  s l u r r y  s p r a r i n g  o n t o  ( h e  s u r f a c e  
o f  t h e  L o n g c a s t l e  f i e l d ,  t h e r e  was  a  3 d 0 - f o l d  i n c r e a s e  i n  COD, from 
1 mg to  360 mg p e r  l i t r e  and a 1 0 - f o l d  i n c r e a s e  i n  s uspend  ed s o l i d s  
c o n c e n t r a t i o n ,  f rom 11 mir t o  117 mg p e r  l i t r e  ( C i g ,  2 5 ) ,  T h e s e  p e a k s  
w e re  f o l l o w e d  d u r i n g  t h e  n e x t  h o u r  by a  d e c l i n e  o f  BOÎ) ( . 0 30 mg p e r  l i t r e ,
04
and s u s p e n d e d  s o l i d s ,  t o  35 mg p e r  l i t r e .  Second p e a k s  f o r  b o t h  BOD 
and s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n s  p r o b a b l y  o c c u r r e d  a t  t h e  same t i m e  
a s  t h e  s e c o n d  peaks ,  o f  b a c t e r i a l  c o n c e n t r a t i o n s ,  b u t  b e c a u s e  o f  t h e  
l o s s  o f  t h r e e  s a m p l e s  t h e y  w e r e  n o t  d e t e c t e d .  T h i s  a s s u m p t i o n  i s  a l s o  
s u p p o r t e d  by c h a n g e s  i n  t h e  p e r  c e n t  s a t u r a t i o n  o f  d i s  s o l v e d  oxy gen  
i n  t h e  d r a i n a g e  w a t e r  a t  tlie s a m p l i n g  s i t e  ( F i g .  2 6 ) .
W i t h i n  3 , 5  h o u r s  o f  s t o p p i n g  s p r a y i n g ,  t h e  p e r  c e n t  s a t u r a i i o n  
o f  d i s s o l v e d  o x y g e n ,  t h e  Î10D and s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n s  had 
a l l  r e t u r n e d  t o  t h e i r  o r i g i n a l  l e v e l s .  T h e r e  w e re  s m a l l  c h a n g e s  in  
th e  pll v a l u e s  and t e m p e r a t u r e  o f  t h e  d r a i n a g e  w a t e r  a s  a r e s u l t  o f  
s l u r r y  s p r a y i n g .  T h e s e  a i e  a l s o  shown i n  F i g u r e  26.
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DISCUSSION
T h e s e  s t u d i e s  show t h a t  s u b - s u r f a c e  l a u d  d r a i n a g e  w a t e r  c a n  
c o n t a i n  a p p r e c i a b l e  n u m b e r s  o f  s o i l  an d  f a e c a l  b a c t e r i a ,  and t h a t  t h e  
c o n c e n t r a t i o n s  o f  b a c t e r i a  i n  t h e  w a t e r  a r e  r e l a t e d  t o  t h e  f l o w  r a t e  
o f  t h e  d r a i n  d i s c h a r g e .  The c o n c e n t r a t i o n  o f  f a e c a l  b a c t e r i a  a r e  a l s o  
r e l a t e d  t o  t h e  t i m e  s i n c e  a p p l i c a t i o n  o f  a n i m a l  e x c r e m e n t  t o  t h e  l a n d .  
S i n c e  t h e  f a e c a l  b a c t e r i a  i n  t h e  d r a i n a g e  w a t e r  o f  a g r i c u l t u r a l  l a n d  
u s u a l l y  o r i g i n a t e  e i t h e r  f r o m  f a e c e s  d e p o s i t e d  on t h e  l a n d  b y  g r a c i n g  
a n i m a l s ,  o r  f r o m  e x c r e m e n t  s p r a y e d  on to  t h e  l a n d ,  i t  i s  r e a s o n a b l e  
t o  s u p p o s e  t h a t  c h a n g e s  i n  t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n
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t h e  d r a i n a g e  w a t e r  a l s o  r e f l e c t  c h a n g e s  i n  t h e  nu m b e rs  o r  c o n d i t i o n s  
o f  b a c t e r i a  i n  o r  on t h e  s o i l  and v e g e t a t i o n .  Th us  t h e  r e s u l t s  can 
be  i n t e r p r e t e d  a s  i n d i c a t i n g  t h a t  t l i e  c o n c e n t r a t i o n  o f  b a c t e r i a  in  
d r a i n a g e  w a t e r  f r o m  f a r m l a n d  may be  a f f e c t e d  by two m ai n  f a c t o r s :
( i )  t h e  f l o w  r a t e  o f  w a t e r  t h r o u g h  t h e  s o i l ;  and ( i i )  t h e  number  o f  
b a c t e r i a  i n  o r  on t h e  s o i l  a n d  v e g e t a t i o n .  The n um bers  o f  F a e c a l  
b a c t e r i a  a r e  a l s o  a f f e c t e d  by t h e  a p p l i c a t i o n  to  t h e  l a n d  o f  l a r g e  
v o l u m e s  o f  s e m i - l i q u i d  a n i m a l  e x c r e m e n t  o v e r  s h o r t  p e r i o d s  of t i m e .
O t h e r  f a c t o r s  a r e  a l s o  i m p o r t a n t .  Tt  i s  e v i d e n t ,  f o r  i n s t a n c e ,  t h a t  
t h e  s o i l  t y p e  e x e r t s  some i n f l u e n c e .
R e l a t i o n s h i p  o f  c o n c e n t r a t i o n  o f  b a c t e r i a  to d r a i n a g e  r a t e
The  r e s u l t s  f rom t h e  e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w ,  show t h a t ,  
in t h e  a b s e n c e  o f  r e c e n t  a p p l i  ca  t i o n  o f  l a r g e  vo l umes  o f  e x c r e me n t  
to t h e  l a n d ,  t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  Llie d r a i n  d i s c i i a r g e  
a r e  r e l a t e d  to t h e  f l o w  r a t e  o f  t h e  d i s c h a r g e  b\- an equa  l i o n  o 1' t h e  f o r m:
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l o g  bac  1,0 r i a l  c o n c e n t r a t i o n  = a  + b l o g  f l o w  r a t e  -  c d a y s .
I f  t h e  t i m e  f a c t o r  ( c  d a y s )  i n  t h e  e q u a t i o n  i s  i g n o r e d  i t  i s  s ee n  
t l i a t  t h e  r e l a t i o n s h i p  b e tw e en  b a c t e r i a l  c o n c e n t r a t i o n  and f l ow  r a t e  
i s  d e s c r i b e d  by a l i n e a r  l o g - l o g  e q u a t i o n  h a v i n g  a  s l o p e  d e f i n e d  by 
r e g r e s s i o n  c o e f f i c i e n t  b .  The v a l u e s  o f  c o e f f i c i e n t  b show t h a t  f o r  
a  t e n - f o l d  i n c r e a s e  i n  f l o w  r a t e  t h e  c o n c e n t r a t i o n  o f  Esc h e r i c  hi a c o l i  
i n  t h e  d r a i n  d i s c l n r g e  i n c r e a s e d  3,3 f o l d ,  w h i l e  t h a t  o f  e n t e r o c o c c i  
i n c r e a s e d  5 , 0  f o l d .  P o s s i b l y , . t h e  v a l u e  o f  t h i s  c o e f f i c i e r t  i s  r e l a t e d  
t o  t h e  r e l a t i v e  e a s e  o r  d i f f i c u l t y  w i t h  w h ic h  b a c t e r i a  a t t a c h e d  to 
s o i l  p a r t i c l e s  c a n  be l i b e r a t e d  i n t o  w a t e r  p e r c o l a t i n g  th in  ugh the  
s o i l .  I f  s o ,  t h e n  t h e  v a l u e  o f  t l i e  c o e f f i c i e n t  w oul d  be e x p e c t e d  
to be r e l a t e d  t o  s o i l  t y p e .  S i n c e  t h e  c o e f f i c i e n t  fo r  E . co l  i i s  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  f o r  e n t e r o c o c c i ,  t h e  i n t e n s i t y  of  
t h e  i n t e r a c t i o n  b e t w e e n  t h e  b a c t e r i a l ,  c e l l s  and t h e  s o i l  p a r t i c l e s  
m us t  a l s o  d e p e n d  on t h e  n a t u r e  of  t h e  p a r t i c u l a r  b a c t e r i a l  c e l l s .
The c o n c e n t r a t i o n  o f  v i a b l e  b a c t e r i a ,  p r e s n me d  t o  be normal  
s o i l  i n h a t ' i t a n t s ,  i n  t h e  d r a i n a g e  w a t e r  o f  t he  e x p e r i m e n t a l  p a s  ( u r e ,
’’r i c k  row,  was  a l s o  c l o s e l y  a s s o c i a t e d  wi tli t h e  f l ow r a t e  o f  t he  d r a i n  
d i s c h a r g e .  A g a i n ,  t h i s  may lie i n t e r p r e t e d  a s  mean i na (l iat  t h e  r a t e  
at; whicî i  bac t c r i  a a d s o r b e d  t o  s o i l  p a r t i c l e s  become st is;  cuHleit i n  s o i l  
v/al .er i s  d e t e r m i n e d  by t h e  f l ow r a t e  o f  w a t e r  t h r o u g l i  t h e  s o i l  , Thus 
t h e  h i g l i e r  t l ie flow'  r a t e  t h e  h i g h e r  t h e  c o n c e n t r a t i o n  o f  b a c t é r i e  i n  
s u s p e n s i o n  and t h e  h i g l i e r  t h e  c o n c e n t r â t  ion i n  s n h - s u r f a c e  d r a i n a g e  w a t e r  
At  flow’ r a t e s  be l ow a b o u t  0 . 0 0 1  l / s  t h e  r e g r e s s  i on c u r v e  for- s o i l  
b a c t e r i a  ( k i g , 20)  s u g g e s t s  f.ha t  t h e  cone e n t r a i  i on o f  b a c t e r i a  shoe  1 d 
i nc l e a s e  w i t h  d e c r e a s i n g  flow r a t e  . f u t u r e  wo rk  m a con f i rm t h i s  
s u g g e s t i o n ,  o r  may show i t  t o  be an a r t e f e c t  a r i . s i n ; '  nut  o f  an 
i nsu  r r i e i e ncy o f  d a t a  a t  low flow r a t e s .
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The c o n c e n t r a t i o n  o f  f a e c a l  b a c t e r i a  i n  d r a i n a g e  w a t e r  w^as 
r e l a t e d  n o t  o n l y  t o  t h e  flow' r a t e  o f  t h e  d i s c h a r g e  h u t  a l s o  to  t i m e ,  
and t h e  o c c u r r e n c e  o f  t h i s  r e l a t i o n s h i p  may ho a t t r i b u t e d  to t h e
n umber s  o f  v i a b l e  f a e c a l  b a c t e r i a  i n  t h e  s o i l  d e c l i n i n g  with,  t l ie  p a s s a g e  
o f  t i m e .  The nu m b ers  o f  v i a b l e  s o i l  b a c t e r i a  i n  t h e  d i s c h a r g e  w e re  
n o t  r e l a t e d  t a  t i m e .  T h i s  s u g g e s t s  t h a t  t h e  numbers  o f  v i a b l e  b a c t e r i a  
i n  t h e  s o i l  d i d  n o t  ch a n g e  s i g n i f i c a n t l y  d u r i n g  t h e  w i n t e r .  P e r h a p s  
t h i s  is to  bo e x p e c t e d  s i n c e  t h e y  a r e  p r e s u m e d  to be  n o rm a l  s o i l  
i n h a b i t a n t s , .
At  the  e x p e r i m e n t a l  p a s t u r e ,  B r i c k r o w ,  t h e  cone en t i ' a t i  on o f  s o i l  
b a c t e r i a  and th e  f low r a t e  o f  t h e  d r a i n  d i s c h a r g e  w e r e  b e s t  r e l a t e d  
by a n  e q u a t i o n  o f  t l ie  form Y = a + bX + dX^ (Y = l o g  b a c t e r i a l  
c o n c e n t r a t i o n :  X = l o g  f l ow  r a t e )  w h e r e a s  t h e  d a t a  on t h e  c n n c c n i r a t i o n
o f  f a e c a l  b a c t e r i a  i n  t h e  d r a i n  din c b a r g e  w;)s b e s t  r e l a t e d  bv an
e q u a t i o n  o f  t h e  form Y  -  a + bX, i f  t h e  1-ime r e l a t i o n s h i p  was i g n o r e d .
T h e s e  d i f f é r e n t  e q u a t i o n s  p r o b a b l y  do n o t  r e f l e c t  an y  r e a l  d i f f e r e n c e s
in  t h e  b e h a v i o u r  o f  t h e  two g r o u p s  o f  b a c t e r i a .  I t  i s  p o s s i b l e  t li a t  
i f  the  w a t e r  s a m p l e s  i n  t h e  e a r l i e r  s t u d i e s  had boon c o l l e c t e d  in  a 
few m i n u t e s  i n . s t e a d  o f  ovei* 2 4  h and more s a m p l e s  e x  and r e d , I h e n  t h e  
I'ol a t i o n s h i  p o f  l o g  c o n c e n t r a t i o n  o f  f a e c a l  b a c t e r i a  to l o g  f low r a  t e 
mi.d î t  a l s o  have b e e n  n o n - l i n e a r .
To f a c i l i i  a t e  t h e  c o m p a r i s o n  o f  t h e  r e s u l  I y on sf)i I bac  t e ri  a 
w i t h  t h o s e  on f a c e  a ' bac  tcT' i a ,  a l i n e a r  l o g - l n g  regre.'-^';: ' on c u r v e  v;as 
f i t t e d  to I lie .'-■oil bac  t e r i  a r e s u l t s .  T l i i s  equa i i  or; was
Y =  H , 0 1  + O . t m O  ( ±  0 . 0 4 3 ) X  .................    5
and i t  e x p l a i n s  ufï p e r  c e n t  of  t h e  v a r i a t i o n  iri !l i s  no t ewo r  I b y ,
p a r  I. i c u la  i4 y s i n c e  t h e  f a e c a l  bac  I.e r i  a s tvuh'  wa.<-4 do n». t h r e e  ' . e a r s
FTGimi-! 27
F o l a  (;i nn.sl. ' i p b e t w e e n  c o i K ' e n t r n  i. i o n  n j “ p n r t i c l o s  i n  ( i r n i n o p e
is'n t o r  a r-f1 d r  n J. na ji o i ’ a  t o  .
F o n fin u o n s  l i n e  -  r e l  n t  i o n s i i i p  b e t w e e n  c o n c e n t r a t i o n  o f  s o i l  
b a c t e r i a  and d m  i r n  g : e  r a t e  a t  t h e  
c x p o r  j nxîn t a . l . p a s t u r e ,  R r i c k r o w .
Dashed l i n e  -  r e l a t i o n s h i p  b e tw e en  c o n c e n t r a t i o n  o f
p a r t i c u l a t e  n u t  1er  ( 0 ,45yuni)  and d r a i n a g e
r a t e  o f  a f o r e s t  i n  Nev; Hcmipshire ( d a t a  o f
Bormann,  L i k e n s  and b a t o n ,  1 9 6 9 ) ,
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o a r l i e r  t h a n  t h e  s o i l  b a c t e r i a  s t u d y ,  t h a t  t h e  r e p r e s s i o n  e o e f Ci c i  o n t  
on X i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h o s e  o b s e r v e d  f o r  c o l  i 
( 0 . 5 2 l ,  E q u a t i o n  1) and e n t e r o c o c c i  ( 0 * 7 0 l ) ,  b u t  i t  i s  a p p r e c i a b l y  
h i g h e r  t h a n  t h a t  f o r  E ,  e o l i , ( E q u a t i o n  s ) , T h i s  w o u ld  a p p e a r  to  
s u p p o r t  t h e  p r e v i o u s  s u g g e s t i o n s  t h a t  t h e  v a l u e  o f  t h e  r e g r e s s i o n  
c o e f f i c i e n t  i s  d e p e n d e n t  t o  some e x t e n t  on t h e  n a t u r e  o f  p a r t i c u l a r  
b a c t e r i a l  c e l l s  and t o  s o i l  t \ q i e .
The f a c t  t h a t  t h e  s o i l  b a c t e r i a  d a t a  b e s t  f i t t e d  a cur\ ' 'o d e s c r i b e d  
by a  q u a d r a t i c  e q u a t i o n  i s  i n t e r e s t i n g  b e c a u s e  Hormnnn, l i k e n s  and 
E a t o n  ( l 0 6 9 )  o b t a i n e d  a  s i m i l a r  e q u a t i o n  r e l a t i n g  co n c o n  i r a i i o n  of 
p a r t i c u l a t e  m a t t e r  ( i . e .  m a t e r i a l  p a s s i n g  t h r o u g h  a 1 nia nicsb n e t  
and r e t a i n e d  on M i l l i p o r e  f i l t e r s ,  p o r e  s i z e  0 . 4  5 yUm) i n  a s i r e a rn  
and tlip f l o w  r a t e  o f  t h e  s t r e a m .  To com pare  t h e  f.wo e q u a t  i o n s  t h e y  
w e r e  b o t h  e x p r e s s e d  i n  t e r m s  o f  d r a i n a g e  r a t e  f l / s  h a )  ra+bfU- t h n f
f l ow  r a t e  ( l / s ) ,  b e c a u s e  i t  s eems  l i k e l y  that- i t  i s  t h e  r;> I of
movcirc'Ml o f  w a t e r  t h r o u g l i  s o i l  t . ha t  i s  i m p o r t a n t ,  r a t h e r  il ' .an I.he a c t u a l  
f low r a t e  o f  t h e  d r a i n  o r  s t r e a m ,  Tlie e q u a t i o n  f o r  i lu' I’c 1 c t  i on.sli ; u 
b e tw een  t l i e  c o n c e n t r a t i o n  o f  s o i l  b a c t e r i a  i n  di-a i ncge  waf;er  and 
d r a i n a g e  r a t e  a t  H r i c k ro w  was
V = 0 . a 4 , +  2 . 2 4 I X + 0 . 3 6 5 X "
and t h a t  f o r  t l ie cone e t t r a l . i o n  o f  p a r t i c l e s  in  a s t r e a m  an d  d r a  i n e e  
r a t e  ( Bormann e_t aj_) was
Y  =  - 0 . 2 2  +  0 , 8 0 3 X  +  0 . 3 2 f i X ^
Tile two curn^e?: o b t a i n e d  from t l i e s e  e q u a t i o n s  a r e  n l n f j e d  i n  Ei an r e  27.
A.S t h e  r e s ' .  I t s  f o r  v i a b l e  s o i l  b a c t e r i a ,  re  f 'V to h r  c I. o r  i a in d r a  t n a " c  
wa t  e r  from 0 , 7  ha o f  farm la n d  and t.lu' i ' " s u I i s  o f  ' lormann rd_ r u ' f e r  to 
par i ,  i c e l a t e  m a t . t e r ,  o re s u m a b l}  i nc 1 ud i ng i n a n i m a t e  ma t e r  i a I am! v i a b l e  
i iac ie7’i a ,  i n  a si roam d r a i n i n g  1 3 . 2 3  ha o f  f o r e s t  in Ymv Manpsl; i r e .
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t h e  d e g r e e  o f  s i m i l a r i t y  i n  t h e  s h a p e  o f  t h e  c u r v e s  i s  s u r p r i s i n g .  
However ,  b o t h  c u r v e s  r e l a t e  m a i n l y  t o  s u b - s u r f a c e  d r  ai nape  w a t e i ’ .
T h i s  r a i s e s  t h e  p o s s i b i l i t y  t h a t  t h e  r e l a t i o n s h i p  o b s e r v e d  b e t w e e n  
t h e  c o n c e n t r a t i o n  o f  s m a l l  p a r t i c l e s  i n  s u b - s u r f a c e  d r a i n f i p e  w a t e r  
and f low r a t e  may b e  a  g e n e r a l  o n e ,  a t  l e a s t  o v e r  t h e  r a n g e  o f  d r a i n a g e  
r a t e s  i n v e s t i g a t e d .  T h a t  t h i s  r e l a t i o n s h i p  i s  d i f f e r e n t  f r om  t h e  
l i n e a r  l o g - l o g  r e l a t i o n s h i p  g e n e r a l l y  o b s e r v e d  b e tw e en  s u s p e n d e d  s o l i d s  
l o a d  and f lmv r a t e  o f  s t r e a m s  and r i v e r s . ( ï ïoak and B ram er ,  1956;
L e o p o l d  and M i l l e r ,  195 6;  L e o p o l d ,  Wolman and M i l l e r ,  1 9 6 4 )  can 
p o s s i b l y  be  a t t r i b u t e d  t o  t h e  d i f f e r e n t  n a t u r e  of  t i i e  p a r t i c l e s  e x a m i n e d .  
S u sp en d e d  s o l i d s  i n  r i v e r s  and s t r e a m s  p a r t i c u l a r l y  a t  h i g h  f l o w  r a t e s ,  
i n c l u d e  p a r t i c l e s  t h a t  w i l l  s e d i m e n t  r a p i d l y  u n d e r  q u i e s c e n t  c o n d i t i o n s  
w h e r e a s  t h e  p a r t i c u l a t e  m a t t e r  ex amined  by Hermann £ t  ad_ and t h e  
b a c t e r i a l  c e l l s  s t u d i e d  h e r e  s e d i m e n t  o n l y  v e r y  s l o w l y .
Bormann e_t a t  ( i 9 6 0 )  s u g g e s t e d  t h a t  t h e  s h a p e  o f  t h e  c u r v e  
i l l u s t r a t e d  i n  F i g .  27 ( i . e .  t h e  v a l u e s  o f  c o e f f i c i e n t s  b an d  d)  
r e f l e c t s  b o t h  t h e  c a p a c i t y  o f  w a t e r  t o  do work a s  i t s  v e l o c i t y  i n c r e a s e s ,  
and t h e  r e l a t i v e  e a s e  o r  d i f f i c u l t y  w i t h  w h i c h  movin;»- w a t e r  o f  a g i v e n  
v e l o c i t y  can renio\'‘e m a t e r i a l  f r o m  an  e c o s y s t e m ,  Tl i is  l a t t e r  f a c t o r  
t h e y  c a l l e d  t h e  e r o d i b i l i t y  o f  t h e  ec osys  tem,  a  t e rm  t h a t  c o u l d  a l s o  
be u s e d  t o  d e s c r i b e  t h e  r e l a t i v e  e a s e  o r  d i f f i c u l t y  w i t h  w h i c h  b a c t e r i a  
a d s o r b e d  to s o i l  p a r t i c l e s  a r e  removed by moving w a t e r .  The s i m i l a r i t y '  
o f  t h e  v a l u e  o f  c o n s t a n t  d i n  b o t h  e q u a t i o n s  s u g g e s t s  t h a t  t l i e  c a p a c i t y  
f o r  w a t e r  t o  do work a s  i t s  v e l o c i t y  i n c r e a s e s  i s  t h e  same i n  b o t h  
c a s e s .  The l o w e r  v a l u e  f o r  c o n s t a n t  b i n  t l ie  e q u a t i o n  o f  Hermann ejb al  , 
when compared  w i t h  c o n s t a n t  b i n  t h e  e q u a t i o n  f o r  t h e  c o n c e n l u ' a t i o n  
o f  s o i l  b a c t e r i a  i n  d r a i n a g e  wa t e r , s u g g e s t s  t h a t  t lie b a c t e r i a  w e r e  
more  e a s i l y '  removed f r o m  t h e  s o i l  a t  Hri ckrow M a n  t h e  p a r  t i  c u l a  i,e 
m a t t e r  was f r o m  t h e  s o i l  i n  New H a m psh i re »  T h i s  d i f f e r e n c e  mav lie
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flue t o  d i f f e r e n c e s  i n  t h e  n a t u r e  o f  b a c t e r i a  and p a r t i  c u l  a t e  m a t t e r ,  
o r  i t  may he  due t o  a  nu mber  o f  o t h e r  f a c t o r s , Bormann et_ s u g g e s t e d  
t h a t  t h e  e r o d i b i l i t y  o f  a  compon en t  o f  a n  e c o s y s t e m  w ou ld  he a f f e c t e d  
by f a c t o r s  s u c h  a s  t h e  t y p e  o f  p a r t i c l e ,  s o i l  t y p e ,  t h e  d e g r e e  o f  
a g g r e g a t i o n  o f  s o i l  p a r t i c l e s ,  and t h e  t y p e  and  amount  o f  v e g e t a t i o n .
E x a m i n a t i o n  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  s o i l  and f a e c a l  b a c t e r i a  
i n  d r a i n a g e  w a t e r  a t  t h e  e x p e r i m e n t a l  f a r m ,  C u l b a e ,  i n  t h e  a b s e n c e  
o f  r e c e n t  s l u r r y  a p p l i c a t i o n ,  a l s o  shows a  p o s i t i v e  r e l a t i o n s h i p  
b e tw e en  t h e  c o n c e n t r a t i o n s  o f  a l l  t h r e e  g r o u p s  o f  b a c t e r i a  and 
d r a i n a g e  r a t e  ( F i g s .  21 ~ 2 4 ) .  However ,  t h e  r a t e  o f  i n c r e a s e  i n  the  
c o n c e n t r a t i o n  o f  b a c t e r i a  w i t h  an  i n c r e a s e  i n  d r a i n a g e  r a t e  was h i g h e r  
t h a n  t h e  c o r r e s p o n d i n g  v a l u e s  o b t a i n e d  a t  B r i c k  r o w . I 'his s u g g e s t s  
t h a t  b a c t e r i a  w e r e  more e a s i l y  removed f rom  t h e  s o i l  a t  C u l b a e ,  th a n  
from t h e  s o i l  a t  B r i c k r o w ,  and may r e f l e c t  t h e  d i f f e r e n c e s  i n  s o i l  
t y p e . At  Br i ck ro iv  t h e  s o i l  was  i m p e r f e c t l y  d r a i n e d  wi ici 'eas a t  Col bae 
t h e  s o i l  was  v e r y  f r e e  d r a i n i n g .  F u r t h e r  e s t i m a t i o n s  o 1' b a c t e r i a l  
c o n c e n t r a t i o n s  i n  the  d r a i n a g e  w a t e r  a t  C u l b a e ,  i n  t h e  a b s e n c e  oi' 
r e c e n t  e x c r e m e n t  a p p l i c a t i o n ,  p a r t i c u l a r l y  a t  low f 1ow r a t e s ,  b e t w e e n  
0 .0 0 1  and 0 .1  l i t r e s  p e r  s e c o n d ,  may c o n f i r m  t h e s e  s u g g e s t i o n s .
A p a r t  from a p a p e r  by L e n i n g e r  and McClesky ( l O b d )  t h e r e  i s  l i t t l e  
i n f o r m a t i o n  a v a i l a b l e  on t h e  r e l a t i o n s h i p  bet-we on b a c l , e r i a l  c o n c e n t r a  I i o n  
and t h e  f l o w  r a t e  o f  r i v e r s  and s t r e a m s . T h e s e  n n i b o i ' s  d i d  no t  o b s e r v e  
a c o n s t a n t  r e l a t i o n s h i p  b e tw e e n  f a e c a l  b a c t e r i a l  c o n c e n t : r a (  i o n s  and 
r a i n f a l l :  i n  some i ns  t a n c e s  , b a c t e r i a l  co n c e rd , r a  t i ons  w e r e  hi  g h e r  
a t  t i n e s  o f  h i g h  r a i n f a l l  t l ian  a t  t i m e s  o f  low r a i n f a l l ,  and in o t h e r s  
t h e  rev(-*rse was t r u e .  R o b b i n s ,  H o w e l l s  and Kri / ,  f l 9 7 p )  s t u d i e d  (he 
r u n o f f  from a v a r i e t y  o f  w a t e r  c a t c l u n e n t  a r e a s .  R e g r e s s i o n  a j i a l y s i s  
r e v e a l e d  h i g h  c o r r e l a t i o n s  b e t w e e n  t o t a l  o r g a n i c  c a r b o n  concentT-at  ion
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i n  r u n o f f  w a t e r  and a, v a r i e t y  o f  o t h e r  p o l l u t i o n  i n d i c e s ,  i n c l u d i n g
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f a e c a l  c o l i f o m i  c o n c e n t r a t i o n .  M u l t i p l e  r e g r e s s i o n  a h o l y s e s  w i t h  
nu m b ers  of  a n i m a l s ,  f l o w  r a t e ,  a n d  t e m p e r a t u r e  a s  i n d e p e n d e n t  v a r i a b l e s  
and t h e  p o l l u t i o n  i n d i c e s  a s  d e p e n d e n t  v a r i a b l e s  d i d  n o t  y i e l d  
s i g n i f i c a n t  e q u a t i o n s  f o r  p r e d i c t i n g  s t r e a m  p o l l u t i o n .  T hey  s t a t e d  
t h a t  " h i g h  c o e f f i c i e n t s  o f  d e t e r m i n a t i o n  f o r  some o f  t h e  l a n d  r u n o f f  
d a t a  showed p r o m i s e  t h a t  s u c h  e q u a t i o n s  may be  d e v e l o p e d  f r om  a more 
d e t a i l e d  and l o n g e r - t e r m  s t u d y ,  e s p e c i a l l y  i f  p r e d i c t i o n  e q u a t i o n s  
i n c l u d e d  e f f e c t s  o f  more h y d r o l o g i c a l  v a r i a b l e s " ,  and a l s o  "The 
p o l l u t i o n  i n d e x e s  f o r  a l l  s i t e s  e x c e p t  NO^ a t  [ o n e  s i t e }  i n c r e a s e d  
s u b s t a n t i a l l y ,  w i t h  s u r f a c e  r u n o f f  p a r a l l e l i n g  t h e  h y d r o g r a p h s  e x c e p t  
f o r  s l o w e r  r e c e s s i o n s  t h a n  f o r  s u r f a c e  r u n o f f .  C h an g e s  i n  m a g n i t u d e  
o f  t h e  i n d e x e s  w e r e  g r e a t e r  f o r  h i g h e r  r a t e s  o f  s u r f a c e  r u n o f f  e x c e p t  
f o r  b a c t e r i a l  i i x l e x e s .  The b a c t e r i a l  c o u n t s  w e re  h i g h e r  d u r i n g  t h e  
May p e r i o d  ev en  t h o u g h  t h e  f l o w  r a t e  w as  l e s s  b e c a u s e  o f  warmer  
t e m p e r a t u r e s . "  A p a r t  f r o m  t h e  a m b i g u i t y  o f  some o f  t h e s e  s t a t e m e n t s  
t h e  r e p o r t  d o e s  n o t  make i t  c l e a t  w h e t h e r  o r  n o t  a c t u a l  o r  mean 
r e s u l t s  o f  e a c h  v a r i a b l e  w e r e  u s e d  i n  t h e  r e g r e s s i o n  a n a l y s e s .  I t  i s  
n o t  p o s s i b l e  to  d e c i d e  w h e t h e r  o r  n o t  t h e i r  r e s u l t s  c o n f i r m  o r  
c o n t r a d i c t  t h e  r e s u l t s  o f  t h i s  r e p o r t ,  on  t h e  r e l a t i o n s h i p  b e t w e e n  
b a c t e r i a l  p o l l u t i o n  o f  l a n d  d r a i n a g e  w a t e r  and d r a i n a g e  r a t e .  I t  i s  
even  d o u b t f u l  i f  t h e  r e p o r t  o f  R o b b i n s , H o w e l l s  and K r i z  c o n t r i b u t e s  
an y  s i g n i f i c a n t  i n f o r m a t i o n  to k n o w l e d g e  a b o u t  f a c t o r s  a f f e c t i n g  
s t r e a m  p o l l u t  i o n  w i t h  d r a i n a g e  w a t e r  f r o m  a g r i c u l  ( u r a 1 l a n d .
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S o i l  b a c t e r i a l  f l o r a  and l o s s e s  i n  d r a i n a g e  w a t e r
Tlio b a c t e r i a ,  i s o l a t e d  f r om  t h e  d r a i n a g e  w a t e r  o f  t h e  p a s t u r e  a t  
B i ' ickrow on i n - p l a t e  c o u n t  b r o t h  d u r i n g  t h e  w i n t e r  1 9 7 1 - 1 9 7 2 ,  a r e  
b e l i e v e d  to  be  r e p r e s e n t a t i v e s  o f  n a t u r a l  s o i l  b a c t e r i a  r n t l u ' r  <har. 
o f  an i n t r i n s i c  d r a i n  w a t e r  f l o r a  o r  o t h e r  h a b i t a t .  The a b s e n c e  of 
E s c h e r i c h i  a  c o l i  and  e n t e r o c o c c i  i n  t h e  w a t e r  s n n p l e s  e x c l u d e d  t h e  
p o s s i b i l i t y  t h a t  t h e y  o r i g i n a t e d  f r o m  f a e c a l  m a t e r i a l .  I t  seems 
l i k e ! ) t h a t  some s o i l  b a c t e r i a  w oul d  f i n d  t h e i r  way i n t o  d r a i n a g e  
w a t e r ,  s i n c e  t h e  e a r l i e r  r e s u l t s  show t h a t  f a e c a l  b a c t e r i a  d e p o s i t e d  
i n i t i a l l y  on t h e  s u r f a c e  o f  t h e  l a n d  a p p e a r  i n  d r a i n a g e  w a t e r ,
E u r th e r m o  r e ,  t h e  s h o r t  t ime i n t e r v a l  b e t w e e n  t h e  a p p l i c a l i o n  o f  l a r g e  
vo lum es  o f  a n i m a l  e x c r e m e n t  t o  t h e  l a n d  and t h e  n u p e a r n n c e  o f  h i g h  
c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  t h e  d r a  i na go w a t e r  i n d i c a t . f ’d 
that ,  the  mean r e s i d e n c e  t ime o f  w a t e r  i n  the d r a i n  i s  t ' ' o  s l i a r t  to 
a l l o w  much o rowtl i  o f  b a c t e r i a  i n  t h e  d r a i n s .  Howevf ' r , (l ie p o s s i b i l i t y  
t h a t  some o f  t h e  b a c t e r i a  i n  t h e  w a t e r  o r i g i n a t e d  f rom t h e  veil I s  o f  
t h e  d r a i n s  o r  f rom v e g e t a t i o n  from t h e  s u r f a c e  o f  th.e l a n d  c a r u o t  be 
e x c l u d e d .
I f  i t  i s  a c c e p t e d  t h a t  most  of  t h e  b a c t e r i a  i n  t h e .  d r a  i nage  w a t e r  
c a I re f rom  t,he s o i l ,  t h e n  t h e  t o t a l  nu m ber  o f  v i a b l e  s o i l  liac t e r  i a 
i n  t h e  d i a  i nage  w a t e r  d i s c h a r g e d  o v o t ‘ a p e r i o d  o f  f o u r  mot ilhs r e  pro s e n t  ed 
a b o u t  0 ,1  p e r  c e n t  o f  an e s t i n u t e  o f  t h e  t o t a l  number  of  v i a b l e  luic t e r  i a 
o f  t h e  same t y p e  i n  t h e  s o i l  o f  t h e  exp cr im e Tit a I p a s t u r e .  Si n c  w a t e r  
d o e s  not  u s u a l l y  f l o w  from t h e  d r a i n  fot" m o r e  t h a n  .^ix m o n th s  o f  t h e  
, \"ear, t h e  jnax I icum ar 'mial  l o s s  o f  b a c t e r i a  f i ’ojii i he so i 1 h' 11, i s  r o u t e  
would  o n l y  h(' 0 .1  Ü p e r  c e n t  o f  the  t o t a l  s o i l  popu I a t i oTi. Even i f  
t h e  g r o w t h  r a t e  of  b a c t e r i n  i n  t h e  s o i l  i s  a s  low a s  t h e  l o w e s t  e s t i m a t e s  
( b r a y  and t ’i l l i a m a ,  1 9 7 l )  t h i s  l o s s  i s  an i n s  i gn i f i c a n t  f r a c t i o n  o f
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t h e  a n n u a l  p r o d u c t i o n  o f  s o i l  b a c t e r i a .  T h i s  c o n c l u s i o n  d o es  no t  
e x c l u d e  t h e  p o s s i b i l i t y  t h a t  l o s s  o f  b a c t e r i a  by w a s h o u t  i n  d r a i n a g e  
w a t e r  c o u l d  be i m p o r t a n t  i n  some s o i l  t y p e s  o r  c l i m a t i c  c o n d i t i o n s .
E f f e c t  o f  n u m b ers  o f  f a e c a l  b a c t e r i a  i n  s o i l  on c o n c e n t r a t i o n s  in  
l a n d  d r a i n a g e  w a t e r
In  t h e  a b s e n c e  o f  f u r t h e r  a d d i t i o n s  o f  f a e c e s ,  t h e  n u m b e r s  o f  
v i a b l e  f a e c a l  b a c t e r i a  i n  o r  on t h e  s o i l  and v e g e t a t i o n  a l  any t i m e  
m u s t  d e p e n d  on:  ( i )  t h e  numbers  o r i g i n a l l y  d e p o s i t e d  on t h e  l a n d ;
( i i )  t h e  r a t e  a t  w h i c h  v i a b l e  o r g a n i s m s  a r e  l o s t  f rom t h e  l a n d  by 
d e a t h  a n d / o r  w a s h o u t . No a t t e m p t  was  made t o  d e t e n r i i n e  t h e  numbers  
o f  f a e c a l  b a c t e r i a  i n  t h e  s o i l .  T h e r e f o r e  t h e r e  i s  no d i r e c i  i n f o r m a t i o n  
on I he r e l a t i o n s h i p  b e tw e e n  b a c t e r i a l  numbers  i n  t h e  s o i l  and t h e i r  
c o n c e n t r a t i o n s  i n  t l i e  d r a i n a g e  w a t e r .
The v a l u e  o f  c o n s t a n t ,  a i n  t h e  r e g r e s s i o n  ('quai,  i on s  o f  t h e  
r e l  ai. i onsh  i p  betw'een t h e  coix: e n t r  a t i o n a  o f  f a e c a l  b a c t e r i a  and the  
f low r a t e  o f  t h e  d i s c h a r g e  a t  B r i c k r o w ,  ( i . e .  lo a^  ^ b a c t e r  i al  c o n c e n t r a t i o n  
when I lie f low r a t e  i s  1 l / s  and z i s  z e r o  d a y s )  w o u l d ,  in  some m a n n e r ,  , 
r e l a t e  to t l ie numbers  o f  b a c t e r i a  i n  t h e  s o i l  and v e g e t a t i o n .  In  t h i s  
c o n n e c t i o n ,  i t .  may be s i g n i f i c a n t  tiui t  t h e  v a l u e  o f  cons  t an i ,  a i s  
h i g l i e r  f o r  ^'sclicT'i c h i a  c o l i  tlia.n f o r  e n t e r o c o c c i  , a s  E.  c o l i  a r e  
g e n e r a l l y  more numerous  i n  an im a l  f a e c e s  t h a n  e n t e r o c o c c i .  The even 
h i g h e r  v a l u e s  o f  c o n s t a n t  a i n  t l ie r e g r e s s i o n  e q u a t i o n  f o r  s o i l  b a c t e r i a  
a l s o  s u p o o r t . s  the  assump t i o n  t h a t  c o n s t a n t  a i s  r e l a t e d  to  t h e  bnc t e r  i a 1 
num ber s  in t h e  s o i l  and v e g e t a t i o n .
The l i m e  fac  t o r  ( c  d a y s )  i n  t h e  r e g r e s s i o n  e q u a t i o n  f o r  f a e c a l  
b a c t e r i a  c a n  th e n  be i n t e r p r  e t ed a s  a co r r e c  t  i (' n f a c t o r  fo j ’ c o n s t a n t  a ,
• io t a k e  a c c o u n t  o f  t  he d e c l i n e  i n  t h e  numbf'rs o \ i Abl e f a e c a l  b a c t e r i a
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in I lie s o i l  w i t h  t i m e .  T h i s  d e c l i n e  co u ld  he due e i t h e r  to d ea l  h 
a n d / o r  consximpt ion  by p r e d a t o r s  o r  t o  p r o g r e s s i v e  w a s h o u t  f rom idle 
s o i l ,  o r  to b o t h .  A g a i n ,  s i n c e  f a e c a l  b a c t e r i a  i n  t h e  s o i l  wore not  
c o u n t e d ,  i t  i s  n o t  p o s s i b l e  t o  e v a l u a t e  t h e  r e l a t i v e  im p o r t  a r e  e of 
t h e s e  f a c t o r s .
The 90 p e r  c e n t  r e d u c t i o n  t i m e s  f o r  b a c t e r i a  i n  t lu'  d r a i n  d i s c h a r g e  
o f  t h e  e x p e r i m e n t a l  p a s t u r e ,  Br ichroxv ,  (57 d a y s  f o r  E. c o l  i  and 96 d a y s  
f o r  e n t e r o c o c c i )  a r e  more  t h a n  f o u r  t i m e s  l o n g e r  t h a n  t h o s e  r e c o r d e d  
by v a n  l l o n s e l ,  G e l d r e i c h  and C l a r k e  ( 1 9 6 ? )  f o r  E. c o l  i  and 
S t r e p  toco e c u s  f a e c a l  i s  v a r . 1 i q u o f a c i e n s  w h ic h  had b ee n  i n o c u l a t e d  
i n t o  s o i l .  T h e s e  a u t h o r s  r e c o r d e d  nnximum 90 p e r  c e n t  r e d u c t i o n  t i m e s  
o f  1 3 . 4  days  f o r  E.  c o l i  and 2 0 .1  d a y s  f o r  S t r - . f a e c a l  i s . The di f f  e r e n t  
r e s u l t  may be due to t h e  e x p e r i m e n t a l  m e t h o d ,  o r  may be  due t o  o t h e r  
f a c t o r s ,  s u c h  a s  s o i l  t y p e .  C u r t h e r  i n f o r m a l i  on on th e  cone o n t r a t i o n s  
o f  f a e c a l  b a c t e r i a  i n  w a t e r  d r a i n i n g ^ f r o m  d i f f e r e n t  s o i l  t y p e s  to  
t h a t  a t  B r i c k r o w ,  s u ch  a s  C u l b a e , i n  t h e  a b s e n c e  o f  r e c e n t  e x c r e m e n t  
a p p l i c a t i o n ,  mav h e l p  t o  e v a l u a t e  t h i s  p o s s i b i l i t y .
The q u a n t i t y  o f  ex c r e m e n t  a p p l i e d  a n n u a l l y  to t h e  lav'd a t  C u l b a e ,
a b o u t  300 m' p e r  h e c t a r e ,  was  more t h a n  d o u b l e  t h e  q u a n t i t y  app-l ied
a n n u a l l y  t o  t h e  e x p e r i m e n t a l  p a s t u r e ,  a t  Brickroxv,  b e t w e e n  A p r i l  190X 
and A p r i l  1971.  The r a n g e  o f  c o n c e n t r a t i o n s  o f  C. c o 1 i was from
1 . 2  X 10^ to  1 . 9  X lO ’^ y i ,  and e n t e r o c o c c i  f rom 8 . 0  x 10^ to 1 , 5  x lO*^ /^]
a t  C u l b a e .  I t  h a s  a l r e a d y  been su g g c s t e d  t h a t ,  a ( t h i l b a e ,  b a c l e r i a  
w e r e  more e a s i l y ’ removed  from t h e  s o i l  by movin^ w a t e r  t h a n  ai. Ih-i c k r o w . 
I ' n l e s s  t h e  n iunbers  o f  f a e c a l  b a c t e r i a  l o s t  fI'om (be s o i l  b\- w'a'^hout 
r e p r e s e n t  a 1 a r g c  p e r c e n t a g e  o f  i !u' mr.iihers dope s i  i "5 on th e  s o i l ,  
tlie r a n g e  o f  cone e n t r a i  i o n s  o f  faeca l ,  b a c t e r i a  i n  d r a  i nage  w a U ' r  a t  
C u l b a e ,  i n  t h e  a b s e n c e  o f  r e c e n t  e x c r e m e n t  a p p l i c a t i o n ,  may be  e x p e c t e d
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if) 1)0 lii a l l er  than  111 at, a t  B r i c k r o w .  The f a c t  t h a t  t i i e y  a r e  s i m i l a r  
s u a a e s I  th a l  (ho r o t e  o f  d e c l i n e  o f  v i a b l e  c e l l s  in  t h e  s o i l  i s  
c e n s i  d e r a b l y  g r e a t e r  a t  C u l b a e  t h a n  a(- Br ic! : row ,  Tl i i s  ma iic d u e  to 
i n c r e a s e d  washrmi,  o f  c ( ' 1 1 b or  o i h e r  f a c t o r s .  lh.i.r tlio.r ex ami na ( i o n s  
o f  d r a i n a g e  w a t e r  s a m p l e s  and c o n t i n u o n s  m e a s u r e m e n t  o f  d r a i  nage  r a t e  
a r e  n o c e s s a r ' /  i n  o r d e r  to e s i . in i a t e  t l ie  a n n u a l  l o s s  o f  f a e c a l  b a c t e r i a  
f rom th e  s o i l  a t  C u l b a e .
The mean a n n u a l  p r e c i p i t a t i o n  b e t w e e n  1916 and 1950 i n  b o i h  
V/i fr town.shi re and t h e  A u c h i n c r u i v e  a r e a  was a b o u t  1 , 0 0 0  mm 
( M e t e o r o l o g i c a l  O f f i c e ,  1 9 7 1 ) .  B ecause  o f  the  f r e e  d r a i n a g e  
p r o p e r t i e s  o f  t h e  s o i l  a t  C u l b a e ,  t h e  r a t e  o f  d i s c h a r g e  o f  p r e c i p i t a t i o n  
t  lire ugh t h e  s o i l  i n t o  t h e  d r a i n s  i s  g r e a t e r  t h a n  t h a t  a t  B r i c k r o w .  
T h e r e f o r e ,  a l t h o u g h  t h e  a n n u a l  p r e c i p i t a t i o n  i s  s i m i l a r  in b o t h  
a r e a s ,  t h e  w a s h o u t  o f  b a c t e r i a  i n t o  d r a i n a g e  w a t e r  may be  g r e a t e r  a t  
C u lbae  t h a n  a t  B r i c k r o w .
I t  i s  a l s o  p o s s i b l e  t h a t  t h e  s u r a ' i v a l  t im e  f o r  f a e c a l  b a c t e r i a  
in  t h e  s o i l  a t  C u l b a e  i s  s h o r t e r  t h a n  t h a t  a t  B r i c k r o w .  Beard  
and v a n  D o n s e l , G e l d r e i c h  and C l a r k e  ( l 9 6 7 ) ,  s u g g e s t e d  t h a t  t h e  m a i n  
f a c t o r s  w h ic h  i n f l u e n c e  t h e  s u r v i v a l  o f  b a c t e r i a  i n  d i f f e r e n t  s o i l s  
w e re  pB v a l u e s  and m o i s t u r e  l e v e l s ,  r a t h e r  t h a n  s o i l  t y p e .  The 
d r a i n a g e  p r o p e r t i e s  o f  t h e  s o i l  a t  C u l b a e  make i t  l i k e l y  t h a t  t h e  
b a c t e r i a  r e m a i n i n g  i n  t h e  s o i l  a r e  more  f r e q u e n t l y  s u b j e c t e d  t o  low 
m o i s t u r e  l e v e l s  t h a n  t h e  b a c t e r i a  i n  t h e  s o i l  a t  B r i c k r o w  and t h e  pH 
v a l u e  o f  t l ie  s o i l  a t  C u l b a e  ( T a b l e  I d )  was l o w e r  t h a n  t h a t  a t  Br i ck row 
( T a b l e  1 1 ) .  S i n c e  t h e  n um bers  of  f a e c a l  b a c t e r i a  i n  t h e  s o i l s  w e r e  
no t  m o n i t o r e d  t h e s e  p o s s i b i l i t i e s  c a n n o t  be e v a l u a t e d .
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E f f e c t  o f  e x c r e m e n t  a p p l i c a t i o n  on t h e  c o n c e n t r a t i o n s  o f  f a e c a l  
b a c t e r i a  i n  d r a i n a g e  w a t e r
Th e a p p l i c a t i o n  of .  l a r g e  v o l u m e s  o f  s e m i - l i q u i d  p i g  e x c r e m e n t  to  
two d i f f e r e n t  a r e a s  o f  g r a s s l a n d  o v e r  s h o r t  p e r i o d s  o f  t i m e  c a u s e d  
l a r g e  i n c r e a s e s  i n  t h e  c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  i n  d r a i n a g e  
w a t e r .  I n  e a c h  e x p e r i m e n t  t h e  v o lu m e  o f  s l u r r y  a p p l i e d  t o  t h e  l a u d  
was  i n s u f f i c i e n t  t o  c a u s e  an y  d e t e c t a b l e  i n c r e a s e  i n  d r a i n a g e  r a t e .
The d i f f e r e n t  maximum c o n c e n t r a t i o n s  o f  f a e c a l  b a c t e r i a  o b t a i n e d  
i n  e a c h  e x p e r i m e n t  w e re  l a r g e l y  d u e  t o  v a r i a t i o n  in  t h e  d i l u t i o n  by 
g ro u n d  w a t e r .  A t  B r i c k r o w ,  the  w a t e r  s a m p l e s  ex a m in e d  c o m p r i s e d  o n l y  
w a t e r  d r a i n i n g  t h e  a r e a  o f  p a s t u r e  s p r a y e d  w i t h  e x c r e m e n t ,  b u t  t h e  
d r a i n a g e  r a t e  d u r i n g  e x p e r i m e n t  I I  was  t w i c e  t h e  d r a i n a g e  r a t e  d u r i n g  
e x p e r i m e n t  I .  A t  C u l b a e ,  t h e  w a t e r  sam ii les  ex a m in e d  c o m p r i s e d  wai-cr 
d r a i n i n g  an a r e a  a b o u t  s i x  Limes t h e  a r e a  o f  l a n d  s p r a y e d  w i t h  e x c r e m e n t ,  
and t lie d r a i n a g e  r a t e  d u r i n g  t h e  e x p e r i m e n t  was  a b o u t  one to  two t i m e s  
t h e  d r a i n a g e  r a t e  o f  t h a t  a t  t h e  p a s t u r e  a t  B r i c k r o w  d u r i n g  e x p e r i m e n l  IT 
D e s p i t e  t h e  i n c r e a s e  i n  d i l u t i o n ,  th e  maximum numbers  o f  E . c o 1 i fo n td  
i n  t h e  d r a i n a g e  w a t e r  a t  C u lb a e  w e re  a b o u t  117 t i m e s  t h e  maximum 
c o n c e n t r a t i o n  r e a c h e d  i n  e x p e r i m e n t  IT and 12 t i m e s  t h a t  i n  ( ' x p e r i m e n t  f .  
The t i m e  i n t e r v a l  b e tw e e n  s t a r t i n g  t o  s p r a y  e x c r e m e n t  o n t o  t h e  l a n d  
and t h e  i n c r e a s e  in t h e  l u m b e r s  o f  f a e c a l  b a c t e r i a  i n  t h e  d r a i n a g e  
wat-ei'  was a l s o  s l i o r t e r  a t  C u lb ae  t h a n  a t  Br i  cl row.  T h i s  s h o r t e r  
t i m e  i n t e r v a l ,  and t h e  i n c r e a s e d  maximum cone e n t r a  I, i o n s  o f  f a e c a l  
b a c t e r i a ,  a r e  j i r o b a b l y  due to the  b e t t e r  d r a i  nor  e c h a r a c t e  i s l  l e s  o f  
t i le s o i l  a t  C i i l l ' a e .
Tile t o t a l  number s  o f  _E. co 1 i d i s c h a r g e d  in t lu'  d r a i n a g e  w a t e r  a t  
B r i c k r o w i n  t.l'e 36 h f o l l o w i n g  t h e  s t a r t  o f  e x c r e m e n t  a p j i l i c a i i o n  
( e x p e r i m e n t s  I and ! l )  and a r o o g h  e s t i m a t e  o f  t he  i . o t a l  number  a p p l i e d
TABLE 21
E s t i m a t i o n  of t h e  f r a c t i o n  of  E s c h e r i c h i a  c o l i , a p p l i e d  to  t h e  
p a s t u r e  i n  p i g  e x c r e m e n t ,  t h a t  was d i s c h a r g e d  i n  d r a i n a g e  w a t e r  
w i t h i n  36 h o f  t h e  s t a r t  o f  a p p l i c a t i o n  to  t h e  p a s t u r e .
TAB.LE 21
E x p e r i m e n t
I TT
Volume p i g  e x c r e m e n t  a p p l i e d  t o  
p a s t u r e  ( l i t r e s ) 2 X 2 X
Number o f  E,  c o l i  i n  p i g  e x c r e m e n t 2 X 10^3 2 X 10^^
W a te r  d i s c h a r g e d  d u r i n g  36 h ( l i t r e s ) 2 X ■1 X lo"^
E.  c o l i  d i s c h a r g e d  d u r  i r ^  36 h 7 X 10^ 1 X 10^0
E.  c o l i  d i s c h a r g e d / a p p l i e d 1 / 3 0 0 0 1 / 2 0 0 0
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t o  t h e  l a n d  i n  t h e  e x c r e m e n t ,  a r e  sliovm i n  T a b l e  21 .  C o m p ar i so n  o f
t h e s e  f i g u r e s  s u g g e s t s  t h a t  t l ie num bers  o f  v i a b l e  E .  c o l i  f l i s c h a r g e d
i n  t h e  d r a i n  r e p r e s e n t e d  a b o u t  1 i n  3 , 0 0 0  i n  e x p e r i m e n t  1 and 1 i n  
2 , 0 0 0  i n  e x p e r i m e n t  IT ,  o f  t h o s e  a p p l i e d .  S i m i l a r  c a l c u l a t i o n s  o f  
t h e  num bers  o f  f a e c a l  b a c t e r i a  d i s c h a r g e d  i n t o  d r a i n a g e  w a t e r  a t  
C u lb a e  w e r e  n o t  p o s s i b l e ,  b e c a u s e  o f  i n a c c u r a c i e s  i n  t h e  m e a s u r e m e n t  
o f  d r a i n a g e  r a t e .  How ever ,  i f  t h e  d r a i n a g e  r a t e  i s  o n l y  as sumed to  
be e q u a l  to t h a t  i n  e x p e r i m e n t  11 and t h e  c o n c e n t r a t i o n  o f  f a e c a l  
b a c t e r i a  i n  th e  ih ^a inag e w a t e r  b e f o r e  s p r a y i n g  s t a r t e d  a l s o  s u p p o r t s  
t h i s  a s s u m p t i o n ,  t h e n  t h e  num ber s  o f  v i a b l e  E.  c o l i  d i s c h a r g e d  i n  
t h e  30 h  f o l l o w i n g  t h e  s t a r t  o f  e x c r e m e n t  a p p l i c a t i o n  r e p r e s e n t e d  
a b o u t  1 i n  160 o f  t h o s e  a p p l i e d .  T h i s  a g a i n  may be d u e  to t h e  b e t t e r  
d r a i n a g e  c h a r a c t e r i s t i c s  o f  t h e  s o i l  a t  C u l b a e ,  b u t  b e c a u s e  o f  t h o  
l a r g e  v o l u m e s  o f  e x c r e m e n t  a p p l i e d  a n n u a l I v  t o  t h e  l a n d ,  the  num ber s  
o f  v i a b l e  o r g a n i s m s  r e m a i n i n g  i n  t h e  s o i l  would  s t i l l  be  e x p e c t e d  to
be h i g h e r  t h a n  t h e  num bers  i n  t h e  s o i l  a t  B r i c k r o w .
Chemical  p o l l u t a n t s  i n  d r a i n a g e  w a t e r
In t h e  a b s e n c e  o f  r e c e n t  e x c r e m e n t  a p p l i c a t i o n  to t h e  l a n d ,  (.he
cone e n t r f i  t i  ons  o f  c h e m i c a l  p o l l u t a n t s  i n  d r a  i na ge w a t e r  at. C u lb a e  
were  h i g h e r  (ban i l i o s o  a t  B r i c k  r o w , b u t  t h e y  w e re  a l l  u s n a l l v  I) e l  ow
1 eve  1 s c o n s i (,i e r  ed to be  a p o l l  u t  i o n ha z a r d  .
’Vlien e x c r e m e n t  was  a p p l  i ed t o  t h e  p a s t u r e  a t  Bri cl\ r o w , o n l y  s m a l l  
c h a n g e s  i n  t h e  1 e v i ' l s  o f  c h e m i c a l  p o l l u t a n t s  i n  I hi' d r a i n n r o  w a t e r  were  
d o t e d , e d .  T h i s  r e l a t i v e '  lacl\  o f  c h e m i c a l  p o l l u t u ' t s  i s  a t  t  r  i lu r ted  
t o  t h e  co mbined  e f f e e t  o f  f i l t r a t i o n  and o f  ad so rp  11 on o f  so 1 I d ra a l< ' r i a l
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to  t h o  s o i l  p a r t i c l e s .  A t  C u l b a e  ho w ev er ,  l a r g o  i n c r e a s e s  i n  t h e  
l e v e l s  o f  c h e m i c a l  p o l l u t a n t s ,  i n  p a r t i c u l a r  t h e  cone e n t r a  l i o n  o f  
b i o c h e m i c a l  o x y g en  demand, o c c u r r e d  d u r i n g  t h e  s p r a y i n g  p e r i o d ,  b u t  
r e t u r n e d  v e r y  r a p i d l y  t o  t h e i r  n o r m a l l y  low l e v e l s  when ih e  s p r a y i n g  
s t o p p e d .
The d i f f e r e n c e s  i n  t h e  r e s u l t s  o b t a i n e d  f r o m  C u l b a e  and B r i ck ro w  
a r e  a t t r i b u t e d  t o  p o o r e r  a d s o r p t i o n  and t h e  f r e e - d r a i n i n g  p r o p e r t i e s  
o f  t h e  s o i l  a t  C u l b a e ,  an d  to the  d i f f e r e n t  c o m p o s i t i o n  o f  t h e  
e x c r e m e n t .  As a r e s u l t  o f  t h e  wdiey d i e t  o f  t h e  p i g s  a t  C u l b a e ,  t l ie 
vol imie o f  e x c r e m e n t  p e r  p i g  was  a p p r o x  inn t e l y  t w i c e  t h a t  p e r  p i g  a t  
B r i c k r o w .  The e x c r e m e n t  a t  C u l b a e  had a  lo w er  s u s p e n d e d  s o l i d s  
c o n c e n t r a t i o n  an d  h i g h e r  b i o c h e m i c a l  ox ygen  dom and/sus ] i end  ed s o l i d s  
r a t i o .  I t  was t h e r e f o r e  more  l i k e l y  t o  c a u s e  an i n c r e a s e  i n  t h e  
l e v e l s  o f  b i o c h e m i c a l  o xygen  demand o f  d r a i n a g e  w a t e r .
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n n
CONCLTTSTONS.
The s u r v i v a l  o f  s a l m o n e l l a e  i n  p i g  exc rement  on farms
Th e e x c r e m e n t  f r o m  i n t e n s i v e  u n i t s  f o r  p i g  b r e e d i n g  a n d / o r
f a t t e n i n g  i s  f r e q u e n t l y  s p r a y e d  o n to  a d j a c e n t  g r a s s l a n d  t h r o u g h
r a i n - g u n s ,  o r  by  vacuum t a n k e r .  S i n c e  p i g s  a r e  o f t e n  h o u s e d  
t h r o u g h o u t  t h e  y e a r ,  and n o t  j u s t  i n  t h e  w i n t e r ,  i t  i s  u n u s u a l  to 
s t o r e  p i g  e x c r e m e n t  a s  l o n g  a s  c a t t l e  e x c r e m e n t .  I t  may be 
s p r a y e d  o n to  l a n d  w i t h i n  a few h o u r s  o f  e x c r e t i o n ,  o r  a f t e r  s t o r a g e  
f o r  a  few d a y s  o r  w e e k s .
I f  h i g h  c o n c e n t r a t i o n s  o f  s a l m o n e l l a e  a r e  e x c r e t e d  by a  number 
o f  p i g s  i n  an i n t e n s i v e  u n i t ,  and t h e  s l u r r y  i s  s p r a y e d  i m m e d i a t e l y  
on to  g r a s s l a n d ,  t h e n  nu m b ers  o f  t h e  p a t h o g e n s  may be e x n e e i . e d  i n  
t h o  a e r o s o l s  p r o d u c e d  d u r  i ng s p r a y  i ng and liLgh nu m b ers  w i l l  be 
d e p o s i t e d  o n t o  t h e  l an d  s u r f a c e .
When t h e  e x c r e m e n t  i s  s t o  r ed  a s  a s l u r r y ,  t h e  numbers  of
s a l m o n e l l a e  would be e x p e c t e d  t o  d e c l i n e  w i t h  i n e r e n s i r a  s t o r a c e  
t i me ,  Tlie m g u l  t s  o *' t h i s  r e p o r t  p r o v i d e  e v i d e n c e  t ha t  t he a c t  i v i  t v  
o f  a n a e r o b i c  b a c t e r i a  i n f l u e r o n s  t h e  r a t e  o f  d e c l i n e  o f  v i a b l e  
Sal  mo ne 11 a du b l  i n  . N i n e t y  p e r  conf. r e d u c t i o n  o f  i n o c u l a t e d  r o l l s  
o c c u r r e d  i n  30 d a vs when a c i d  f OT-mentat i  ons  r e d "  ced t h e  pH v a l n o  
o f  tJu'  s l n r i " .  b e l o w  7 . 0 .  L a t e r ,  wlu;n me t  lia no go ne s i  s rech' c  ed t h e  
a c i d  cone e n t r â t  i o n s ,  t l i e  90 p e r  c e n t  r e d u c t i o n  i . ime i n r i v ' a s e d  to 
more t l uin 00 d a y s .  Ho we v e r , i f  l a r g e  numbr r s  oI s n l m n n e l l a e  a r e  
e x c r e t e d ,  t h en  l a r g e  numlu' rs  'v i 11 s t i l l  b(‘ gi r o s e  nt  i n  ! îio s I u r  r\ '  
ev e n  a f t e r  a 8Q o r  99 p e r  c e n t  r e d u c t i o n .  ur  I lie r ex i v ' r  i me n t s  a r e  
n e c e s s n r v  t o  d e t e r m i n e  i f  tin r e d u c t i o n  t i  mi s f o r  oth. -T s a l m o n e l l a e  a r e
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s i m i l a r  t o  t h o s e  f o r  S ,  d u b l  i n , b u t  due  t o  t h e  l a r g e  num ber  o f  
s e r o t y p e s  fo u n d  i n  t h e  i n t e s t i n e s  o f  p i g s ,  and th e  d a n g e r s  o f  
h a n d l i n g  some o f  t h e s e  i n  t h e  l a b o r a t o r y ,  i t  was  t h o u g h t  t h a t  t h e  
u s e  o f  a  v a r i e t y  o f  s e r o t y p e s  w ou ld  n o t  h a v e  p r o v i d e d  s u f f i c i e n t  
a d d i t i o n a l  d a t a  t o  m e r i t  t h e  r i s k s  i n v o l v e d .
The i n c r e a s i n g  d i s t r i b u t i o n  o f  s e r o t y p e s  s u c h  a s  S.  d u b l i  n and 
S.  t y p h i m u r i u m  may be due t o  t h e s e  s e r o t y p e s  b e i r g  more  t o l e r a n t  to  
a w i d e r  r a n g e  o f  e n v i r o n m e n t a l  f a c t o r s ,  t h a n  h o s t - s p e c i f i c  s e r o t y p e s  
s u c h  a s  S ,  c h o l e r a - s u i s . N e w e l l  (1 9 6 7 )  and M oreh o u se  ( l 9 7 2 )  s u g g e s t  
t h a t  o n l y  t h o s e  s e r o t y p e s  wh ich ,  a r e  o f  s i g n i f i c a n c e  t o  animal  and 
p u b l i c  h e a l t h  n e e d  be  c o n s i d e r e d  i n  t h e  c o n t r o l  o f  s a l m o n e l l o s i s .
When p i g s  become i n f e c t e d  w i t h  c h o l e r a - s u i s  t h e  d e v e l o p m e n t  o f  
c l i n i c a l  i n f e c t i o n s  u s u a l l y  n e c c e s s i t a t e s  c o n t r o l  o f  t i ie  p nthogcn.^ 
w i t h i n  t h e  h e r d .  However ,  i n f e c t i o n  w i t h  o t h e r  s e r o t v p e s  o f  s a l m o n e l l a e  
a r e  n o t  o f t e n  d e t e c t e d  o r  c o n t r o l l e d .  The r e f  oi-e p r o c a n t  i o n s  a g a i n s t  
di .ssem I nn t i o n  o f  s a l m o n e l l a e  v i a  i n f e c t e d  e x c r e m e n t  may be n e c e s s a r y .
The s u r v i v a l  of  s a l m o n e l l a e  . d u r in g  a e r o b i c  b i o l o g i c a l  t r e a l n u ' u t  o f  
p i g  e x c r e m e n t
A e r o b i c  b i o l o g i c a l  t r e a t m e  nt o f  p i g  e x c re m e n t  i s  b e i n g  d e v e l  np'od 
a s  a metho d o f  r e d u c i n g  s m e l l  and p o l l u t i o n  o f  wn t e r - c  our  s e s  . I n 
m o s t  c a s e s  t h e  p r o d u c t s  o f  i . r en tment  a r e  s p i ’end oi 'f ' r  t.lie s n r f r c < '  o f  
l a n d .  The s t u d i e s  on the  s u r v i v a l  o f  Esc h e r  i c i ri a co 1 i  and 
Sal  mo no 11 a dubl i n i n  t l ie  a e r a t i o n  v e s s e l  o f  a l a b o r a t o r v  I,re a t m e n t  
u n i t  ss 'puort .  i tie i d e a  t h a t  t h e s e  o r g a n i s m s  liecome a s s o c i a t e d  w i t h  
the  s lud/ 'O f l o e s  and o n l  v  low nuiid.iers r e r i o i n  i n  I tie ss n o r  n o t a n t  .
A l t h o u g h  t h e r e  wa s a  r e d u c t i o n  in  t he numbe r s  o f  c o 1 i in  
t h e  s l u d g e ,  p a r  ti m l  a r l  n t  low l o a d i n g  r a t e s ,  a s o l i d s  r e s i d e n c e
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t i m e  o f  15 d a y s  o n l y  r e s u l t e d  i n  a  99 p e r  c e n t  r e d u c t i o n  f r o m  th e  
i n i t i a l  c o n c e n t r a t i o n .  When S.  d u b l i n  was  i n o c u l a t e d  i n t o  t h e  mixed  
l i q u o r  o f  t h e  a e r a t i o n  v e s s e l ,  t h e r e  was an  i n i t i a l  r a p i d  r e d u c t i o n  
o f  t h e i r  n u m b e r s  i n  t h e  s u p e r n a t a n t  and i t  was  t h o u g h t  t h a t  t h i s  may 
have b e e n  l a r g e l y  due t o  s u c h  f a c t o r s  a s  p r o t o z o a l  g r a z i n g .  By t h e  
t h i r d  d a y ,  h o w e v e r ,  0 , 1  p e r  c e n t  o f  t h e  i n o c u l a t e d  c e l l s  had become 
a s s o c i a t e d  w i t h  tlie s l u d g e  f l o e s .  T h e s e  c e l l s  t h e n  s u r v i v e d  a t  
l e a s t  a s  w e l l  a s  E ,  c o l i  i n  t h e  f l o e s .  I f  t h e  s a l m o n e l l a  had bee n  
p r e s e n t  i n  t h e  s l u r r y  f e d  t o  t l ie  a e r a t i o n  v e s s e l ,  t h e n  i t  seems 
l i k e l y  t h a t  t h e i r  s u r v i v a l  would  hav e  b e e n  s i m i l a r  t o  E. c o l i  .
U n l e s s  s t o r m  w a t e r  f rom  r o o f s  an d  y a r d s  i s  p i p e d  i n t o  s l u r r y  
t a n k s ,  o n l y  s m a l l  v o l u m e s  o f  l i q u i d  e f f l u e n t  w i l l  be  p r o d u c e d  f o r  
d i s c h a r g e .  The m ai n  p r o d u c t  o f  a n y  b i o l o g i c a l  s y s t e m  f o r  t r e a t i n g  
a n i m a l  e x c r e m e n t  w i l l  be  a  r e s i d u a l  s l u d g e .  I f ,  i n  t h e  f u t u r e ,  
t h i s  mn t e  r i a l  i s  to b e  c o n s i d e r e d  a s  a s o u r c e  o f  mi c v e b i a l  p r o t e i n  
t o  s u p p l e m e n t  a n i m a l  f e e d s ,  t h e n  t h e  p o s s i b i l i t y  t h a t  p a t h o g e n s  
c o u l d  s t i l l  be p r e s e n t  becomes  an ev en  g r e a t e r  h a z a r d  t o  an im a l  
h e a l t h .
B a c t e r i a l  p o l l u t i o n  o f  w a t e r - c o u r s e s  f o l l o w i n g  l a n d  i . r o n l iv en t  o f  
animal  e x c r e t a .
S i n c e  i t  i s  l i k e l y  t h a t  some p a t h o g e n s  f ' x c re  ( ed In animal  
f a e c e s  iv i l l  su  iwi  ve  s t o r a g e  on a f a r m , (lien sp ra ; /  i C '  i n f e e t i v i '  
ma i e r i  al n n i o  g r a s s l a n d  c o u l d  p r o d u c e  a h e a l t h  h a z a r d  l.o g r a z i n f  
a n i m a l s  and t o  a n i m a l s  d r i n k i n g  w a t e r  from d r a  inaare d i t c h e s .
The r e s u l t s  r e p o r t e d  he ro  show t h a t ,  from bo th f r e o - d r ’i nki  ng 
and i m p e r f e c t l y  d r a i n i n g  s o i l s ,  h i g h  c o n c e n t r a t i o n s  o f  f a e c a l  
b a c t e r i a  can be d o t e c t o d  i n  the d r a i  m  ge wa t e r  foi '  apn r  ox i mat  cl
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two clays f o l l o w i n g  t h e  s p r a y i n g  o f  s l u r r y  o n t o  l a n d .  T h e r e  i s  no 
r e a s o n  t o  s u p p o s e  t h a t  p a t h o g e n s ,  s u c h  a s  s a l m o n e l l a e ,  w o u ld  helmve 
an y  d i f f e r e n t l y .  The s h o r t  t im e  i n t e r v a l  b e t w e e n  s p r a v i n a  and t h e  
a p p e a r a n c e  o f  f a e c a l  b a c t e r i a  i n  t h e  d r a i n a g e  w a t e r  makes  i t  u n l i k e l v  
t h a t  d i e - o f f  o f  l e s s  r e s i s t a n t  p a t h o g e n s  i n  t h e  s o i l  would  o c c u r .
I n  t h e  i n t e r v a l s  b e t w e e n  s l u r r y  a p p l i c a t i o n s ,  th o  numbers  o f  
b a c t e r i a  i n  d r a i n a g e  w a t e r  a r e  m a i n l y  a f f e c t e d  b y  t i e  f l o w  r a t e  o f  
w a t e r  t h r o u g h  t h e  s o i l  an d  by t h e  n u m b e r s  o f  b a c t e r i a  i n  t h e  s o i l .
The nu m b ers  o f  b a c t e r i a  w a sh e d  o u t  o f  t h e  s o i l  o f  b o t h  c a t c h m e n t  
a r e a s  s t u d i e d  a p p e a r e d  to be  i n s u f f i c i e n t  t o  s i g n i f i c a n t l y  d e c r e a s e  
t h e  num bers  r e m a i n i n g  i n  t h e  s o i l  b e t w e e n  s l u r r y  a p p l i c a t i o n s .  I t  
i s  u n l i k e l y  t h a t  t h e  numbers  o f  e n t e r i c  b a c t e r i a  w ash ed  o u t  o f  
c l a y  s o i l s  w o u ld  be  a s  h i g h  a s  t h e  numbers  washed  o u t  o f  th e  two 
s o i l s  s t u d i e d  h e r e .  T h e r e f o r e  t h e  number o f  v i a b l e  pn t lHu rens  i n  
t h e  s o i l  l a r g e l y  d e p e n d s  on t h e  n u n b e r  i n  t h e  s i u r r y , t h e i r  s u r v i v a l  
t im e  i n  the s o i l  a hi t h e  t  i me b e t w e e n  s l u r r y  ar>pl i cn ti o ns ,  i l td io u y h  
s o i l  t \q )c  o r  t h e  pH v a l u e  o f  t h e  s o i l  may i n f l u e n c e  s u r v i v a l ,  t h e r e  
a r e  r e p o r t s  ( h o a r d ,  194 0;  N o t t i n g h a m  and H r s e l m a n ,  190 1;  ' a y l o r  and
Burrow's,  1 9 7 l )  t h a t  s a l m o n e l l a e  ca n  sui ur ive  in  s o i l  f o r  a s  l o n g  as  
E 0 c o l i .
( 'ur  I t ier s t u d i e s  (now i n  p r o g r e s s )  on th e  n u m b ers  o f  b a c i  e r  ia 
i n  d r a i n a g e  wa 1er  f rom c l a y  s o i l s  may show a s i m i l a r  r e l  a i-i o i ishi  ji 
b e tw e e n  t h e i r  c o n c e n t r a t i o n ,  d r a i n a g e  r a t e  arxl n um bers  i n  t h e  s o i l ,  
u n l e s s  tl ie i n c r e a s e d  c h a n c e s  o f  f i s s u r i n g  d is t u r b s  t l i i  s r e l  al i o n sh i  p . 
I f  s i m i l a r  r e l a t i o n s h i p s  do e x i s t , . i t  i s  1 i l tel  ' 1 hai. 1 lie r a t e  of
i n c r e a s e  in  co neon t r a t i  o n o f  l i n c t e i - i a  i n  d r a i n a g e  w a t e r  w i i h 
i n c r e a s i n g  d r a i n a g e  r a t e  wool d be l e s s  f o r  c l a y  s o i l  , t l ian t h e  
r a t e s  o b s e r v e d  f o r  t h e  two s o i l s  d e s c r i b e d .
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A e r o b i c  t r e a t m e n t  o f  a n i m a l  e x c r e m e n t  may r e d u c e  t h e  num bers  
o f  v i a b l e  e n t e r i c  b a c t e r i a ,  p a r t i c u l a r l y  i n  t l i e  l i q u i d  pJ ia se ,
T h i s  s h o u l d  r e d u c e  t h e  n u n b e r s  w h i c h  may be  d i s c h a r g e d  to a w a t e r ­
c o u r s e  i m m e d i a t e l y  f o l l o w i n g  s p r a y i n g  o f  a  r e s i d u a l  s l u d g e  o n t o  l a n d .  
So f a r  i t  h a s  n o t  b e e n  p o s s i b l e  to  i n v e s t i g a t e  t h i s  In r p o t l i e s i s  , 
b e c a u s e  of  t h e  n o n - a v a i l a b i l i t y  o f  a r e s i d u a l  s l u d g e  f rom an  a e r o b i c  
t r e a t m e n t  u n i t  a t  a  s u i t a b l e  t i m e .
I t  i s  e v i d e n t ,  u n d e r  p r e s e n t  f a r m i n g  p r a c t i c e ,  t h a t  r e l a t i v e l y  
h i g h  n u m b e r s  o f  s a l m o n e l l a e  can be  d i s c h a r g e d  t o  a  w n t c r - c o u r s e  f o r  
a  s l i o r t  t ime f o l l o w i n g  t h e  a p p l i c a t i o n  o f  c o n t a m i n a t e d  s 1 u r r v  to 
l a n d .  I f  c o n t a m i n a t e d  s l u r r y  i s  a p p l i e d  t o  l a n d  a t  f r e q u e n t  
i n t e r v a l s  t h e n  low num ber s  o f  s a l m o n e l l a e  a r e  l i k e l y  to be  c o n t i n u a l l y  
di  s c l î a r g e d  t o  w a t e r - c o u r s e s  b e t w e e n  a p p l i c a t i o n s .  The n um bers  
d i s c h a r g e d  would  depe nd  l a r g e l y  on th.e amount  o f  p r e c i j j i  t a t i  o n ,  
e v a n o t r a n s p i r  a t i  on  arrl t h e  d r a i n a g e  p r o p e r t i e s  of  t h e  s o i l .
H e a l t h  h a z a r d s
Li t i l e  i s  known a b o u t  t h e  p a t h o g e n i c  i t v  o f  s a l m o n o l l a o  a f t . e r  
p r o l o n g e d  s u r v i v a l  o u t s i d e  o f  i t s  h o s t ,  i n  e x c r e m e n t  , i n  a n a e r o b i c  
n r  a f ' r n b i c  c o n d i t i o n s ,  o r  i n  s o i l ,  o r  w a t e r .  The muvibors o f  
o r g a n i  sms t h a t  n e e d  t o  be  i n g e s t e d  b e f o r e  i n f f ’c t i o n  ocrur=:  v a r i e s  
v ; i th  d i f f e r e n t  s e r o t y p e s  and h o s t s .  Newel 1 ( tOO?)  s u r g e s  t ed  th a i  
i t  w ou ld  be im posa i  111 e t o  r e d u c e  a l l  s a l m o n e l l a e  i n  t h e  e n v i r o  imu'ut 
to i n s i g n i f i c a n t  l e v e l s ,  in a s i m i l a r  wn" tn oI h e r  na tho r e a s , such  as  
Mvcob ac1 e r  ium t u b c r c u l o  s i s  i n  Groa t Br i  t a  i n .
S i n c e  o n I y a lew s e r o t y p e  s a r e  impo r t  an t  in a n i m a l  and hnman 
h e a l t h ,  i t  ma\- be d e s i r a b l e  to c o n s i d e r  r e d u c i n g  t h e i r  munbeT’s o n ly *
Tho " f  ood-]io i so ni u 't" s a l m o n e l l a e  a r e  c a r r i e d  and e x c r e t e d  bv d o m e s t i c  
an im al  R, esjie c Î al 1 v p i g s .  The main  s o u r c e s  o f  i n f e c t i o n  m e  an im a l  
f e e d s ,  i nf  f c t e d  a n i m a l s ,  a b a t t o i r s  and fo od  p r o c e s s i n g  p l a n t s .
However ,  bee  an so o f  t lie l a c k  o f  c o r r e l a t i o n  b e t w e e n  s e r o t y p e s  
foun d i n  c l i n i c a l  c a s e s  and t h e  s e r o t y p e s  i n  t h e  e n v i r o n m e n t  o f  tho  
d i s e a s e d  an imal  o r  human, o t h e r  m a j o r  s o u r c e s  e x i s t  ( K a .n p e lm a c h e r , 
Gnine^e and t'l a r e n h e i ’g , 1902;  Bkovgaa rd  and N i e l s o n ,  1 9 7 2 ) .  S e v e r a l  
a u t h o r s  ( h u g h e s  e_b ad_, 1971 ;  N e w e l l ,  1987 ;  Newel l  and W i l l i a m s ,  1971;.  
M o r e h o u se ,  1972;  and S k o v g a a r d  an d  N i e l s o n ,  1972 )  s u g g e s t  t h a t  
s t r i c t e r  c o n t r o l s  m us t  lie m a i n t a i n e d  on t h e  f a r m .  T h i s  i n c l u d e s  
i t iproved hush  and r v  t e c h n i q u e s ,  d e t e c t i o n  and e l i m i n a t i o n  o f  i n f e c t e d  
a n i m a l s ,  and g r e a t e r  c a r e  i n  h a n d l i n g  i n f e c t e d  e x c r e m e n t .
ft i s  e v i d e n t  f rom t l i e  r e s u l t s  r e p o r t e d  h e r e  t h a t  s a l m o n e l l a e  
ma\' survivre  a n a e r o b i c  s t o r a g e  and a e r o b i c  b i o l o g i c a l  t r e a t m e n t  o f  p i g  
e x c r e m e n t .  P r o l o n g e d  s t o r a g e  w i l l  r e d u c e  t h e  num bers  o f  v i a b l e  
s a l m o n e l l a e  p r e s e n t  b u t  r e d u c t i o n  to i n s i g n i f i c a n t  l e v e l s  may r e q u i r e  
s t o r a g e  t i m e s  i n  e x c e s s  o f  12 m o n t h s .  The s o l i d s  r e s i d e n c e  t im e  i n  
a e r o b i c  t r e a t m e n t  u n i t s  d e s i g n e d  t o  r e d u c e  smel l  and s o l u b l e  BOB 
p r i o r  to l a n d  t r e a t m e n t  o f  t h e  m a t e r i a l ,  o r  f o r  t h e  p r o d u c t i o n  of 
m i c r o b i a l  p r o t e i n ,  i s  a l s o . u n l i k e l y  to  be  s u f f i c i e n t  f o r  t l i e  r e d u c t i o n  
o f  v i a b l e  s a l m o n e l l a e  t o  i n s i g n i f i c a n t  l e v e l s .  D i s i n f e c t i o n  o f  
r e s i d u a l  s l u d g e s  an d  s u p e r n a t a n t s  by a p p r o p r i a t e  m e t h o d s  s u c h  a s  
e x t e n d e d  a e r o b i c  t r e a t m e n t ,  p a s t e u r i z a t i o n  o r  c h l o r i n a t i o n ,  may be 
d e s i r a b l e  i n  some c a s e s .
When e x c r e m e n t  c o n t a i n i n g  v i a b l e  s a l m o n e l l a e  i s  s p r a y e d  o n t o  
l a n d  some o f  t h e  o r g a n i s m s  w i l l  p a s s  t h r o u g h  s o i l  i n t o  d r a i n a g e  
w a t e r  and t h e n c e  to  a w a t e r - c o u r s e . I n  some c a s e s  i t  may be
n r :
d e s i r a b l e  to  a p p l y  s m a l l  v o l u m e s  o f  s lu r iy , '  f r e q u e n t l y  to 1 and 
r a t h e r  t h a n  l a r g e  v o l u m e s  o c c a s i o n a l l y ,  o r  i t  may b e  b e t t e r  to 
a p p l y  s l u r r y  d u r i n g  p e r i o d s ' o f  low r a i n f a l l  a n d / o r  h i g h  
é v a p o t r a n s p i r a t i o n .  The s t u d i e s  a t  C u lb ae  s u g g e s t  t h a t  g r e a t e r  
a t t e n t i o n  t o  t h e  d r a i n a g e  p r o p e r t i e s  o f  t h e  s o i l  and t h e  e x p e c t e d  
a n n u a l  p r e c i p i t a t i o n  o f  p a r t i c u l a r  a r e a s  may bo a d v i s n b l c  i n  t h e  
s i t i n g  o f  now i n t e n s i v e  a n i m a l  p r o d u c t i o n  u n i t s .  Wliere t h i s  i s  
i m p r a c t i c a l ,  a l t e r a t i o n  o f  t h e  p r o p e r t i e s  o f  t h e  m a t e r i a l ,  by 
m e th o d s  s u c h  a s  a e r o b i c  t r e a t m e n t ,  may p r o v i d e  a s o l u t i o n .  At 
p r e s e n t  i t  a p p e a r s  t h a t  t h e  c h a n g e  f r o m  t h e  p r o d u c t i o n  o f  fo rmva rd  
man ure  t o  a  vd r a n  l i e  s y s t e m  o f  h a n d l i n g  e x c r e m e n t  i n c r e a s e s  t h e  
c h a n c e s  o f  p a t h o g e n  s u r v i v a l ,  and  t h e  p r o b a b i l i t y  o f  i h e i r  
d i s s é m i n a t i o n  i n  t h e  e n v i r o n m e n t .  T h i s  l i aza rd  e x i s t s  oven  i n  a r e a s  
w lie r e  i n c r e a s e d  c l i ernica l  p o l l u t i o n  o f  w a t e r - c o u r s e s  d o e s  no I o c c u r  
and w h e r e  t h e  p r o b l e m  o f  s m e l l  i s  n o t  i m p o r t a n t .
Al’PENBTX T
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2/ 10 /70 7 . 2 11 .7 1 .3 0 .2 2 0 5.1 X 10^
10%
1 .9 X 1 o’-*
3/ 10 /70 6 ,7 14.4 3 . 6 0 .1 2 0 1 .0 X 5 .4 X 10"
4/ 10 /70 8 .3 14.4 8 . 6 0 .1 2 0 2 . 2 X 10^
10"
1 .8 X ] o'* 
10^5/ 10/70 8 .0 12 .2 2 ,0 0 .2 3 8 1 .1 X 4 . 0 X
6/ 10 /70 7 . 8 10 ,6 2 .5 0 .140 - -
7/ 10 /70 7 . 2 13 .3 TR 0.085 8 .2 X 10^ 2 .6 X 10^
8/ 10 /70 7 . 8 11 .7 -■ 0 .036 8 . 2 X 10^ 1 .1 X 10"
9/ 10 /70 4 . 4 1 2 ,8 0 .1 0.017 3 . 8 X 10" 6 . 0 X 10^
10^10/ 10 /70 8 .9 14 .4 - 0 .0 1 2 4 .0 X 10"" 5 . 8 X
11/ 10 /70 0.7 1 5 .6 3 . 0 0 .012 3 .2 X 10^ 5.1 X 10"
10^
i n T
12/ 10/70 9 . 4 16 .7 I’R 0 .0 1 0 3 .9 X 10^ 4 .0 X
13/ 10 /70 0.4 18 .0 TR 0.012 3 . 8 X 10" 3 . 0 X
14/ 10 /70 8 .9 18 .3 - 0 .006 3 , 0 X 10" 4 . 0 X 10^
15/ 10 /70 0 .4 13 .9 — 0 .005 3, 9 X 10"" 2 ,0 X 10*
16/ 10/70 7 . 2 1 4 . 4 - 0 ,0 0 3 2 .4 X 10" 4 . 0 X. 10^
17/ 10 /70 8 .0 12 ,8 TR 0,003 - -
10^1 8 / 1 0 /70 8 .3 13 .3 7.1 0 ,003 6 .0 X 10" 6 .0 X




20/ 10 /70 4. 4 7 . 2 TR 0,003 4,1 X 10^ 2.-0 X
21/ 10/70 1 . 1 8 .9 - 0 .003 2.4 X 10^ 1 .2 X
22/ 10 /70 5 .0 11.1 - 0,003 1.3 X 10'" 5 .0 X
2 3 / 1 0 /70 7 , 8 11.7 0;9 0.003 2 .8 X 1 0" 1.1 X. 1 0"
94/ 10 /70 8 .0 12.2 1 5 .0 0 ,1 2 0 2 .0 X 10^ 
10%
3 .5 X 10''*
25/ 10/70 7 . 8 10 .0 2 .5 0 .2 05 4 . 4 X
26/ 10 /70 6,1 8 .9 1.3 0 .1 10 5 5 X 10" 4. 1 X 1 o'"
27/ 10 /70 3 .3 11 ,7 4. 1 0 .1 4 8 2 .0 X 10^ 2. 1 X i r r *
10 *28/ 10/70 1.1 5 .0 6 .0 0 ,1 9 0 3 .2 X l O ' - 1 , 0 X
29/ 10/70 2 . 8 3.3 11 .7 0 ,3 3 0 9 .4 X 10^ 5 ,0 X 1 o'*
30/ 10/70 9 .4 13 .9 4 . 6 0 ,7 75 5 .0 X l O 'T ■1 .2 10'*
31/ 10 /70 8 .3 1 5 .6 27 .9 0 .8 50 9 .8 X 10^ 9 .4 X 10"
Table  y . , Data  from oxpor i  menta l  p a s t u r e ,  B r ick row.
E x p e r im e n t  I .  55 m'*/ha p i g  e x c r e m e n t  s p r a y e d  o n to  
p a s t u r e  ( F i g .  1 8 ) ,
Time R a i n f a l l Fl ow E , c o l i K n to r o c o  ce i
D a te h mm 1 / s pH c o l o n i e s / ï c o l e n i e s / l
2 8 /1 0 /7 0 1400 0 .1 0 .1 2 5 1 .0 X in'* 2 .3  X 10"
1600 0 .4 0 .1 2 5 6 . 6 X I o '* 43 . 2  X 10
1700 TR 0 .1 2 5 9 .1 X in'* 2 .7  X k /*
1800 TR 0 .1 2 5 6, 2 X 1 0 "' 1 .2  X 1 0 '*
2000 2 . 8 0 .1 3 0 2 ,0 X 1 0 "’ 1 .1  V 10^ *
2200 0 . 9 0 .1 4 2 2 .7 X 10'"* 1 .0  X lo"*
2400 1 . 4 0 .1 4 2 2 .1 X lO"' 6 . 0  X 10'*
2 9 / 1 0 / 7 0
3 0 / 1 0 / 7 0
0 2 0 0 0 . 2 0 , 1 5 0 2 . 7 X- i n " ' 1 . 2 X i n ' *
0 4 0 0 0 . 3 0 . 2 0 0 2 , 0 X 1 0 '* 8 . 2 X 10' *
0 6 0 0 •M* 0 . 2 1 5 1 , 2 X 1 0 ^ 9 . 0 x: u 3
0 8 0 0 - 0 . 2 1 5 1 . 2 \  1 ( 1 ^ 2. .  8 1 0 '*
1 0 0 0 — 0 . 2 3 3 7 . 2 X 1 0 * 3 .  6 X 1 0 ^
1 2 0 0 0 , 0 0 . 2  5 0 5 , 3 V 1 0 * 2 .  1 X ] o' *
1 4 0 0 1 , 4 0 . 2  5 0 1 , 0 X 1 o' * 1 . 6 X 1 ( 2
1 6 0 0 0 . 2 0 , 2 6 0 . 4 , 1 V [ o ' - 3 , e X U)'*
1 8 0 0 — 0 . 2 6 7 1 . 4 X 1 0 * 1 .6 X
2 0 0 0 - 0 . 2 6 7 F ) X 1 0 '* 2 . 4 i n ' *
2 " 0 0 0 , 1 0 ,  2 6 7 3 . : ' X 1 o' * 1 , 3 X in'*
2 4 0 0 1 , 4 0 . 2 6 7 2 T } {■ ‘ 3 . 0 X 1 . 4
0 2 0 0 2 , 3 0 . 2 6 7 ! r
.1
1 fl 1 .7 X in'*
0 1 0 0 0 0 , 3 0 0 ■> 0
!
’. . 3 X HI*
8 1 11  r r y , - jp n l  i  ' e i  i o n  1 4 3 0 - 1 7 3 0 1 1 o n  ‘F " - ' l O . ' T G .
T a b le  v i . D a ta  frm<i e x p e r i m e n t a l  p a s  t a r e ,  O rick ro v / .
E x p e r im e n t  I I ,  55 m’^ / h a  p i g  e x c re m e n t  s p r n v e d  o n to  p a s t u r e
Da te  
2 5 /1 1 /7 0
2 6 /1 1 / 7 0
( F i g , 19 ) .
T i me Rai n f a l 1 f'’l ow E. 00 l i Enteroc occ i
h mm l / s pll CO 1 oni e s / l c o l o n i e s / l
O'-' :0 *-*- 0 .4 5 0 .7 8,4 X 1 0^ 1 .5 X
9
10
11 4-5 0 .4 2 0 .7 J . ■ ■ X 1 o'* 4 . 0 X 1 0"
1215 — 0 .4 0 0 .7 6 .0 X 1 o'* 2 .8 X lO'^
1245 0 .4 0 0,7 4,5 X 10 '* 2 .9 X
131 5 - 0 .3 8 6.7 5 .0 X lO'* 3 . 2 X 10 '*
1345 — ' 0 .3 8 0,7 4.1 X 1(4* 2 .9 X 10*
1 11 5 1 .3 0 .37 6 .7 3 .4 X 10* 2.4 X 10*
] 4 15 1 .1 0 .3 0 0 .9 3 . 0 X 10* 1 .5 X 10^
1515 0 . 9 0 .34 0 .9 3.1 X 1 0* 1.4 X 10 '*
1545 — 0 .3 1 0 .9 2 ,0 X 10* 1 .9 X 10*
1615 — 0.34 0 .9 4 .2 X 10* 1.1 X 10^
1645 - 0 .3 3 0 .7 0 .5 X 1.0* 1.7 X 10 '*
1715 —, 0 .3 3 0.7 4 . 8 X 10* 0 . 2 X 10^
1 81 5 0 .33 6 .7 6 .1 X 1 0* 7 .2 X 10^
I 000 - 0.33 0 .7 5 .3 X 10* 8 .2 X 1 0 *
2000 - 0 .33 0.7 5 .2 X 10* 1 .6 X 10^
2200 — 0.33 0 .7 3 . 8 X 10* 1 .8 X 10"*
2400 - 0 .33 0 .7 3 , 5 X 10* 1 .8 X 10 '**
0300 — 0 .3 0 0 . 0 1 .5 X 10* 1 .5 X 10^
0430 — 0 .3 0 0 .6 1 .1 X 10* 8 .8 X 1q2
0000 — 0 .2 9 0.7 1 .2 X 10* 6 . 0 X
9
1 0 "
0900 - 0 .27 0 .6 9.1 X 10 "^ 7 . 6 X 1 0^
1200 — 0 .2 0 0 . 0 5 . 4 X 10"* 5 .6 X 10 ^
1500 — 0 .2 4 6 . 4 5 . 0 X 10^ 3 . 8 X 1 0 ^
1800 — 0 .23 6 .4 3 .3 X 10^ 4 . 0 X 1 0^
2100 0 .2 2 0 . 4 2 .6 X 10^ 3 . 5 X 10^
2400 7 . 2 0 .2 1 6 . 4 1 . 4 X 10^ 1 .5 X 1q2
S l u r r y  a p p l i c a t i o n  1 0 1 5 - - l2 l5 h  and 1 3 1 5 - l4 4 5 h  2 5 / 1 1 / 7 0 .
T a b le  v i i . D a ta  f ro m  e x p e r i m e n t a l  p a s t u r e ,  B ï ic k ro w  1 7 / l l / 7 1 - 2 4 / 3 / 7 2  
( F i g .  2 0 ) .
S o i l  Temp.
Flow B a c t e r i a  on m-PCB 10cm 100 cm
D a te 1 / s V i a b l e  U n i t s / l "c
1 17/ 11/71 0 .0 0 2 2 2 . 8  X 10^ 3 .9 1 0 .0
2 0 .0 0 2 2 7 . 0  X lo'^
3 18/ 11/71 0 .0 7 8 0 6 . 4  X 10^ 3.3 , 10 .0
4 19/ 11/71 0 .0280 9 . 0  X 10^ 1 .7 9 .4
5 0 ,0740 4 . 3  X 10^
6 22/ 11/71 0 .0960 4 .6  X 10^ - 0 . 6 8 .0
7 0 ,0 7 4 0 4 . 3  X 10^
8 23/ 11/71 0 .0600 3 . 0  X 10^ 8 . 9 10 .0
9 0 .0480 1 ,1  10^
10 24 /1 1 /7 1 0 .0270 2 .7  X 10^ 1 .7 . 8 ,3
11 0 .0220 6 .5  X 10 '^
12 25/ 11/ 7 ] 0 ,0 1 9 0 1 .1  X 10^ 6.1 8 .3
13 0 .0170 7 .1  X 10^ "
14 2 6 /1 1 /7 1 0 .0130 7 . 0  X 10^ 7 . 8 8 .3
15 29 /1 1 /7 1 0 .0220 6 .5  X 10^ 2 .2 8 .3
16 0 .0220 6 .3  X lo"*
17 30/ 11/71 0 .0220 3.4  X 10^ 4 .4 8 .3
18 0 .0220 4 .7  X 10^
19 1/ 12/71 0 .0170 4 . 2  X 10^ 4 .1 7 . 2
20 0 ,0170 3 .7  X 10^
21 2/ 12/71 0 .0150 2.1  X 10® 3 . 9 7,1
22 0 .0130 1 . 4  X 10®
23 3/ 12/71 0,0095 2 .1  X 10® 1 .5 7 . 0
24 0 .0 0 9 5 1.3  X 10®
25 6/ 12/71 0 ,0130 1 . 4  X 10® 6 .0 7 . 9
26 0 .0 1 1 0 1 .5  X 10®
27 7/ 12/71 0 .0070 1 ,3  X 10® 4 . 2 8 . 0
28 0 ,0070 1 .4  X 10 '^
29 8/ 12/71 0 ,0070 8.<  - 10® 6 .5 8 .0
30 0 ,0070 9 . ' :  X 10 '
Tab le  v î i  ( c o n t i n u e d )
S o i l Temp.
F low B a c t e r i a  on m-PCB 10 cm 100 cm
D a te . I / o V i a b l e  U n i fc s / l
31 9 / 1 2 / 7 Î 0 .0 0 7 0 1 .7  X 10® 7 . 6 8 .0
32 0 ,0 0 6 5 1 . 4 x 1 0 ®
33 1 0 / 1 2 / 7 1 0 .0 0 0 5 1 . 6  X 10® 7 . 5 8 . 0
34 0 .0 0 5 5 2 . 4  X 10®
35 1 3 / 1 2 / 7 1 0 .0 0 2 2 2 . 2  X 10® 7 . 1 8 .2
36 0 .0 0 2 2 2 .2  X 10®
37 1 4 / 1 2 / 7 1 0 .0 0 4 5 2 . 6  X 10® 7 . 2 8 .2
38 0 .0 0 5 5 2 .7  X 10®
39 1 5 / 1 2 / 7 1 0.004:5 2 .3  X 10® 6 . 5 8 .3
40 0 .0 0 4 5 2 , 2  X 10®
41 1 7 / 1 2 / 7 1 0 .0 0 3 6 3 . 8  X 10® 8 .4 8 .3
42 0 .0 0 3 6 1 .3  X 10®
43 2 0 / 1 2 / 7 1 0 .0 0 9 5 6 . 5  X 10® 6 . 6 8 . 5
44 2 1 / 1 2 / 7 1 0 .0 3 4 0 2 , 0  X 10? 8 .5 8 .1
45 0 .0 0 3 0 2 . 0  X 10^
46 2 2 / 1 2 / 7 1 0 .0 0 9 5 (i1 .1  X 10 5 , 4 8 . 5
47 0 .0 0 6 5 2 .8  X 10®
48 5 / 1 / 7 2 0 .0 0 4 4 2 .7  X 10® 2 .7 7 . 3
49 0 .0 0 3 0 1 , 5  X 10®
50 6 / 1 / 7 2 0 ,0 0 0 3 1 .5  X 10® 2 . 0 7 .1
51 0 .0 0 0 3 1 . 6  X 10®
52 7 / 1 / 7 2 0 .0 0 0 3 ■ - 2 , 2  y 10® 1 .0 7 .1
53 1 0 / 1 / 7 2 0 .0 0 0 3 2 .4  X 10® 5 . 0 7 . 0
54 0 .0 0 0 3 1 , 0  X 10®
55 1 2 / 1 / 7 2 0 ,0 6 0 0 ■2.3 X 1 .2
56 0 ,0 5 5 0 ] , 6  X 10^
57 1-1/ 1 / 7 2 0 .0 2 5 0 5 .5  X 10® 5 . 4 6 . 8
58 1 7 / 1 / 7 2 0 .0 0 6 5 1 .7  X 10® 4 , ? 6 . 8
59 0 .0 0 6 5 1 .0  X 10®
60 1 8 / 1 / 7 2 0 .0 0 0 5 1 .9  X 10® 3 . 0 6 .7
61 0 .0 0 0 5 . 1 .9  X 10®




62 1 9 / 1 / 7 2 0 .2 4 0 0
63 0 .2 2 0 0
64 2 1 / 1 / 7 2 0 .1 1 0 0
65 0 .0 9 4 0
66 2 1 / 1 / 7 2 0 .0 5 1 0
67 2 4 / 1 / 7 2 0 .0 8 9 0
68 0 .0 7 2 0
69 2 5 / 1 / 7 2 0 ,0 4 8 0
70 0 .0 4 4 0
71 2 6 / 1 / 7 2 0 .0 4 4 0
72 0 ,0 4 8 0
73 2 7 / 1 / 7 2 0 ,0 4 8 0
74 0 .0 4 4 0
75 2 8 / ] / 7  2 0 ,0 2 5 0
76 0 .0 4 4 0
77 3 1 / 1 / 7  2 0 .0 0 2 7
78 0 .0 0 2 7
79 2 / 2 / 7 2 0 .0 0 1 2
80 0 .0 0 1 2
81 7 / 2 / 7 2 0 ,0 0 4 5
82 0 .0 0 4 5
83 8 / 2 / 7 2 0 ,0 0 2 8
84 0 .0 0 2 8
85 9 / 2 / 7 2 0 .0 0 2 2
86 0 .0 0 2 2
87 1 0 / 2 / 7 2 0 .0 0 2 2
88 1 1 / 2 / 7 2 0 ,0 3 7 0
89 0 ,0 4  20
90 1 4 / 2 / 7 2 0 .0 4 4 0
91 0 .0 4 4 0
B a c t e r i a  on  ra-*-PCB 
V i a b l e  U n i t s / l
S o i l  Temp, 
iO cm 100 cm
C C
2 , 0 X 10^ 3 . ) 6 .7
1 . 3 X 10%
1 . 4 X 10^ 1 ,4 6 .7
8 . 5 X 10?
4 .9 X 1 0 '^ 2 .1 6 .6
1 ,0 X 10^ 4 . 0 6 .6
1 .2 X 10^
9 . 5 X 10® 2.1 6 .5
9 .5 X 10®
2.3 X 10^ 4 . 9 6 ,5
9 . 5 X 10®
6 .1 X 10® 2 .7 6 .6
4 .7 X 10®
1 .6 X 10^ 3 .3 6 . 4
2 . 8 X ' 10®
1.3 X 10® 6 .3
1 .3 X 10®
1 .3 X 10® —* 5 .7
5 .1 X 10®
1 .3 X 10® 2 . 4 5 ,3
1 .9 X 10®
1 .6 X 10® 3 . 2 5 .3
1 .3 X 10®
1 .3 X 10® 2 .3 5 .4
1 .3 X 10®
9 . 8 X 10® 2 .7 5 .4
3 .5 X 10^ 2 . 0 5 ,4
4 .9 X 10^
3 .  3 X 10^ 2 .4 5.1
1 . 8 X 10^
* T h erm o m e te r  b r o k e n .




B a c t e r i a  on ra- 
V i a b l e  U n i t s
92 1 5 / 2 / 7 2 0 .0 3 1 0 2 3 X 10®
93 1 7 / 2 / 7 2 0 .0 4 5 0 3 1 X 10®
94 0 .0 4 4 0 5 4 X 10®
95 2 2 / 2 / 7 2 0 .0 0 5 3 8 8 X 10*
96 2 4 / 2 / 7 2 0 ,0 0 2 7 6 8 X 10*
97 0 .0 0 2 4 7 1 X 10®
98 2 5 / 2 / 7 2 0 .0 0 2 4 1 6 X 10®
99 2 8 / 2 / 7 2 0 .0 0 3 6 1 7 X 10®
100 0 .0 0 3 6 1 6 X 10®
101 2 9 / 2 / 7 2 0 .0 0 3 6 2 7 X 10®
102 0 .0 0 3 6 2 3 X 10®
103 1 / 3 / 7 2 0 .0 0 3 6 1 3 X 10®
104 0 .0 0 3 6 1 1 X 10®
105 2 / 3 / 7 2 . 0 .0 0 3 6 1 ] X 10®
106 0 .0 0 3 6 1 1 X 10®
107 3 / 3 / 7 2 0 .0 0 3 0 1 2 X 10®
108 0 .0 0 3 6 8 6 X 10®
109 6 / 3 / 7 2 0 ,0 0 3 6 1 1 X 10®
110 0 .0 0 3 6 1 1 X 10®
111 7 / 3 / 7 2 0 .0 0 1 6 1 1 X 10®
112 0 .0 0 1 6 1 0 X 10®
113 8 / 3 / 7 2 0 .0 0 1 6 9 3 X 10^
114 0 .0 0 1 6 9 6 X 10®
115 9/ 3 / 7 2 0 ,0 0 1 6 8 3 X 10®
116 0 .0 0 1 6 5 0 X 10®
117 1 0 / 3 / 7 2 0 .0 0 1 2 2 7 X 10®
118 0 ,0 0 1 2 7 .7 X 10®
119 1 3 / 3 / 7 2 0 .0 0 0 7 9 0 X 10®
120 0 ,0 0 0 7 9 6 X 10®
S o i l  Temp.
10 cm 100 cm
" c  " r
2 .4  5.4
4 . 0  5 .4
2 . 0  5 .3
1.4  5 .3
2 ,^  5,3
4 .7  5 . 4
3 . 4  5 . 5
2 . 4  5 .0
1 .5  5 .0
3 .1  5.6
2 . 0  5 .0
3 . 2  5 .5
3 . 5  5 .5
3 . 8  5 .5
2 . 0  5 .0
0 . 0  ‘ 5 . 0
T a b le  v i i  ( c o n t i n u e d )
S o i l  Temp.
Flow B a c t e r i a  on m-PCB 10 cm 100 Cl
D a te l / s . V i a b l e  F n i t s / l
0
121 1 4 / 3 / 7 2 0 .0 0 0 5 1 .6 X 10® 1 . 2 5 . ]
122 0 .0 0 0 5 1 .5 X 10®
123 1 5 / 3 / 7 2 0 .0 0 0 3 3 . 8 X 10® 4 , 1 5 , 5
124 0 .0 0 0 3 3 . 9 X 10®
125 16 / 3 / 7 2 0 .0 0 0 3 5 . 0 X 10® •2 . 1 5 . 4
126 0 ,0 0 0 3 5 .3 X 10®
127 1 7 / 3 / 7 2 0 .0 0 0 7 1 .4 X 10® 6 . 2 5 . 4
128 2 0 / 3 / 7 2 0 .0 0 0 3 9 . 3 X 10® 7 . 1 5 . 9
129 0 .0 0 0 2 8 . 3 X 10®
130 2 1 / 3 / 7 2 0 .0 0 0 2 8 . 0 X 10® 3 . 0 G. 1
131 2 2 / 3 / 7 2 0 .0 0 0 3 8 . 2 X 10® 6 , 5 6 . 2
132 2 3 / 3 / 7 2 0 .0 0 0 3 9 . 2 X 10® 7 , 3 6 . 3
133 2 4 / 3 / 7 2 0 ,0 0 0 2 1 .2 X 10® 6 . 0 6 . 4
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